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In compliance with the requests of hundreds of our friends for 
a small but comprehensive book of reference on chemical and 
physical topics, we have designed and peel this Handbook 
of Chemistry and Physics. | La ‘ 
In its new and revised form we have iihed to present in 
ne compact, easily portable volume a comparatively compre- 
.ensive reference book for use in the laboratory or classroom. 
-While more complete and broader in scope than the reference 
material ordinarily found in the laboratory manual, it is still 
not a competitor of the many large and complete reference books 
already published, .but fills, we believe, a place not ar 
occupied by any publication in this country. 

_ We shall feel amply rewarded for our effort and | expense if 
this volume proves to be of use and convenience to the pro- 
fession whose support has been a conspicuous factor in the 
growth of our establishment. 

The material here included has been carefully selected by 
W. R. Veazey, Ph.D., of the Chemistry Department, and Charles 
D. Hodgman, B.S., of the Department of Physics of the Case 
School of Applied Science. The compilers have been guided 
in their selections by the suggestions of more than a thousand 
‘members of high standing in the Chemical and Physical profession. 

A large number of the tables are the result of compilation 
from various sources: the original authority or the source of 
‘information being stated where possible. Special mention 

‘should be made of the use of the ‘‘Smithsonian Physical Tables,”’ 
‘from which several tables have been taken without alteration, 
while others are partly compiled from similar tables in that vol- 
ume. We are also indebted to Julius Springer, publisher of 
/the ‘‘Chemiker Kalender,” a reference-book of more than a 
thousand pages, for permission to use certain material. 

Material has also been copied by special permission 
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from the following: Collins, ‘‘The Design and Construction of 
Induction Coils,’”’ Munn and Co., publisher; Miller, ‘‘ Laboratory 
Physics,’ Ginn and Co., publisher; Noyes, ‘‘ Qualitative Anal- 

ysis,’ Macmillan and Co., publisher; Perkins, ‘‘ Introduction 
- General Thermodynamics, ” John Wiley and Sons, publisher; 
Talbot, “ Quantitative Analysis,” Macmillan and Co., pub- 
~ lisher; "Young, ‘““ General Astronomy,” Ginn and Co., publeen 
Cohn, “Indicators and Test- “papers, ” John Wiley and Sons, 
publisher. 


For general reference and to supply ,occasional numerical © 


values use has been made of the following standard works: 

Landolt - Bornstein - Meyerhoffer, ‘‘ Physikalisch - chemische 
Tabellen’”’; ‘‘ Recueil de Constantes Physiques”; The Standard 
Dictionary. 

In the present edition about sixty pages of new material have 
been added, following as far as possible the suggestions of users 
of the Handbook. Among the important additions, are a table 
of the physical constants of the more common organie com- 
pounds and a five-place logarithm table, both of which will, 
we believe, add materially to the usefulness of the volume. 

We desire to express our appreciation and thanks to the 


many persons who have co-operated with us in the preparation © 


of this book. 
ae CHEMICAL RUBBER COMPANY, 
Cleveland, Ohio. 


PREFACE TO THE FIFTH EDITION 


Tue Handbook has been thoroughly revised and substantially : 


enlarged under the direction of our former compiler, Mr. Hodg- 
man, assisted by Prof. M. F. Coolbaugh of the Department of 
Chemistry at Case School of Applied Science. ° 

An invitation to the users of the Handbook to make sugges- 
tions as to further improvement met with a generous response, 
and the compilers were under the responsibility of selecting from 


a large number of items the material which might be added with- ! 


out sacrificing the present compactness and low price of the 
volume. <A large number of tables haye been more or less com- 
pletely revised. A new and more complete table of gravimetric 
factors has replaced the former table. Among the important 
tables which have been added are: heats of formation of im- 
portant compounds, an anion analysis scheme, flame and bead 
tests, natural logarithms, algebraic formule, elementary deriva- 
tives and integrals. Common names of chemical compounds 
have been added to the index, the chemical names are given and 
the page numbers are those on which the chemical formule and 
properties of the substances will be found. 


Material has been -taken by permission from Thomsen’ bs ' 
rn 


Thermochemistry, Longmans, Green and Co., publishers. 


Cleveland, Ohio, 
July 17, 1916. 
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Logarithms of the Trigonometrical Functions...................0005- 
Pn ERre Pel roTyMMRT TO Riemer eer. Tie 61.5.4 eam < ste ereterle 0 -cit/dis. ave bbuaie ht wie yale 
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List of Apparatus and Material for Experiments in Chemistry......... 
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pranlommmmemicmentary. © NVSICS ak s.u.c5 se cae ey acaccitrd « « syanevevalere oe eet pdna 
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ANTIDOTES OF POISONS 


Acetic Acid.—Emetics, magnesia, chalk, soap, oil. 

Arsenic, Rat Poison, Paris Green. —Milk, raw C88, 8 sweet oil, 
lime water, flour and water. 

Carbolic Acid.—Any soluble non-toxic sulphate, after pro- 
voking vomiting with zine sulphate; uncooked white of egg 
in abundance, milk of lime, saccharate of calcium, olive or 
castor oil with magnesia in suspension, ice, washing the stomach 
with equal parts water and vinegar; give alcohol or whiskey 
or about four fluid ounces camphorated oil at one dose. 

Chloroform, Chloral, Ether.—Dash cold water on head and 
chest, artificial respiration. 

Hydrochloric Acid.—Magnesia, alkali carbonates, albumen, ice. 

Hydrocyanic or Prussic Acid.—Hydrogen peroxide internally, 
and artificial respiration, breathing ammonia or chlorine from 
chlorinated lime, ferrous sulphate followed by potassium car- 
bonate, emetics, warmth. 

Iodine.—Emetics, stomach siphon, Sea foods in abundance, 
sodium thiosulphate. 

Lead Acetate.—Emetics, stomach siphon, sodium, potassium 
or magnesium sulphates, milk, albumen. 

Mercuric Chloride or Corrosive Sublimate.—Zinc sulphate, 
emetics, stomach siphon, white of egg, milk, chalk, castor oil, 
table salt, reduced iron. 

Nitrate of Silver.—Salt and water. 

Nitric Acid.—Same as for hydrochloric acid. 

Opium, Morphine, Laudanum, Paregoric, etc.—Strong coffee, 
hot bath. Keep awake and moving at any cost. 

Phosphoric Acid.—Same as for hydrochloric. ° 

Sodium Hydroxide or Potassium Hydroxide.—Vinegar, 
lemon juice, orange juice, oil, milk. 

Sulphuric Acid.—Same as for hydrochloric acid with the 
addition of soap or oil. 

Sulphurous Acid or Sulphur Dioxide.—Mustard plaster on 
chest; narcotics, expectorants. 
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GENERAL CHEMICAL TABLES 
INTERNATIONAL ATOMIC WEIGHTS 


1916 - 
Name Sym- Atomic Principal Name Sym- Atomic Principal 
bol weight valence bol weight valence 
Aluminuny......Al — 27.1 3 Molybdenum...Mo 96.0 3,4or6 
Antimony, stib- Neodymium....Nd 144.3 3 
RUT ies 120.2 3 or 5 INCOM sects eee oes: Ne 20.2 0 
ITO Only Men warts bs A 39.88 0 INnekeljee aor ee: Ni 58.68 2or3 
ATS@niCe sc ne Ase -74.96.—*3:or 5 Niton, Ra. ema- 
[style is ene c an lLoleok 2 ANG LUO TG Se saaks ath Nt 222.4 ~ 
Bismiurliceee- wee. Bi 208.0 3 or 5 Nitrogen....... N 14.01 3o0r5 
Boron o. toss =e 11.0 3 SMaIUM 2.5, tke Os 190.9 2,3,4o0r8 
Brominen scan Br 79.92 1 Oxyioenens gaia: O 16.00 2 
Cacinitinns ones. Cd 112.40 2 Palladium «sacar LOGsm a2 One 
Ceesium AQ. diawzeul 1 Phosphorus. ...P 31.04 3o0r5 
@ateimmins. 2... Cae s40: Os. 2 Platimunniier.ss0- PE 195.2>  2ror + 
Carbonic wet 12.005 4 Potassium, ka- 
@eriuine gees a Ce 140.25. 4 o0r3 LTD ae, eke eure K 39.10 i 
@hiorinGse segs. Cl “35.46 1 Praseodymium..Pr 140.9 3 
Chromium... .. Cras 5? One? 3-06 vex cla ULTanict tis Ra 226.0 2 
Cobalttee.-s. os Co 58.97 ~2or 3 Rhodium a .)- Rh 102.9 3 
Columbium, ni- Rubidium... . Rb 85.45 fl 
ODIMM wee... Cb 93.5 5 Ruthenium..... RielOl.- — 6lors 
Coppers. sare 3 @uy 363507 =~ lori2 Samarium......Sa a 4 3 
Dysprosium .Dy 162.5 3 Scandium...... Se 4.1 3 
ideale ae ee Er 167.7 3 Selenium.......Se 79 TL O60 
Europium...... Eu 152.0 3 ULC Ole see cae shee Sil 283 4 
Fluorine. .... 19.0 if Silver, argentumAg 107.88 1 
Gadolinium..... Gd 157.3 3 Sodium, na- 
Galle, sa Ga 69.9 3 EDICUIIE, eee tae Na 23.00 1 
Germanium..... Ge 72.5 4 Strontium,.....o5 87.63 2 
Glucinum, be- Solp huss 20 32.06 2, 4 or 6 
TarUiyS0evs eae Gl 9.1 2 “Tantalum. ..... Rage SiS 5 
Gold, aurum....Au 197.2 lor3 Tellurium...... Be 20" — 24.016 
Helidm.. .... He 4.00 0 Ader cuyvonageeh ey ees Tb 159.2 3 
Holmium EO! LL63-0 By: inathunt ss. le 204,025 1 or 3 
Hydrogen...... H 1.008 1 AORIUIN Es eps, see Th 232.4 4 
Thavorn iniie yes eee In 114.8 3 Adirwdhaorans oe Tm 168.5 3 
POCMINE he. noesias 228 ie et 26.92 al Tin, stannum...Sn 118.7 2or4 
Pridiwm: 3220 2 dr (hO3s1 4 iba os. ..cteae Ti A8-1 4 
Iron, ferrum....Fe 55.84 2or3 Tungsten, wol- 
KirypbOneen tr. ec Kr 82.92 0) TieN anu be dere nen a5 sn 184.0 6 
Lanthanum..... La 189.0 3 Wrasse Uf SOR Sores: 
Lead, plumbum.Pb 207.2 2or R Vanadium...... V 51.0 3ord 
Lithium MD SRO ocak Li 6.94 --—— 1 Xen ON!, fsa »..X&e 130.2 O 
Lutecium....... Lu 175.0 : Witterbram. er. AG oad WS) 3 
Magnesium..... Meg 24.32 Mbt vere Yt 89.0 3 
Manganese..... Mn 54. 93 2,4, ‘ areiloe WANING Sue ee ae ee Zn 65.37 2 
Mercury, hy- Zirconium...... Zr 90.6 4 
drargyrum.....Hg a lor 2 
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MOLECULAR WEIGHTS AND THEIR LOGARITHMS 


Compound 


Aluminum 
As Oat 2. etek: ae 
INEACONE Dp aie aes 


SboSsrs. cies 


Mege2AseO7....... 


(MgNH4AsQOu.)e. 


CpsOur sees ee 
KsCo(NO2)c6... . 
Copper 


Cu Sie at degen 
2 Seen 


Log. Compound 
Hydrogen 

00945 GON. See se ag 
.19381}|Iodine 

AOE eo ite nee 
. 60382 Le. 8, one nets 
. 52609 doy We ea cae  e 
.46000]|Iron 
2505692-ReOw en eee 

Hees ees es Sele 
.49214]|Lead 

PbSOme weer 
. 58054 IR DS Sc ece See 
.49167 PbO S25 ee ies 


.39111 PbCleae. 9 2 a ee 
. 29649 PHerOm ceo ee 
SoOL aT sucg ae 


NC ce ae eee 
.36816 oS Og ian ence 
.18574 oO) keane ree 
29528 TASCOR See ees 


40374 isk Oak ot oteraee 


.66652|| MegeP2O07....... 
s1O94- 31 MeO ae ee. 
.41407|| Mg(NHas) AsO. + 
GiiLO wares 

.273/0}| MgeAseO7....... 
-QOST i= MagSOe ens 


Manganese 
IE VOAl IM Gn Orewa 5 
. 10857 Mns ,.: i 
WinsOs Gan econ es 
74873 IME Ola oraey cee eee 
. 13395 Win Oreo ee 
000302 KMnOi nace: 
Mercury 
SO4540)l| eres c cre tener 
Ti ek Oe eos hed = 
A4TL6)| 2 -Hige® oh). ee 
ALGO “igo @lo. ae craves = 
Nickel ; 
LOOT | tae N 1 Oler e enee terre 
LOOL9S | NISOtanse. shoe 
Nitrogen 
. 18184 NeOiss ee Sea 
SOUGOO | see Nin Ola ae. ore 
.50934 (NBD Clee 
.40374 (NHs)2SO4...... 
Phosphorus 
. 87489 MeePsO7. 2. oo 
.38186 AeaPoOr ee cere 
.65546 POs. ae eee 
lod Rea eee eee es 


.90075 iA e2P Oren. akc 
.20194}| Platinum 
KePtGie eee 
89248 (NHa)ePtCle. ... 
.30121]|| Potassium 

44665: KCl 
VAAL nulicoy Glare sre aeercas 
.15932'| KePtCle.. »..... 


) 
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Log. 


125565 


.37070 
. 10697 
. 66374 


.85637 
. 29325 


.48182 
.37887 
. 34830 
.44423 
. 90947 


.62737 
.04116 
.47538 
. 86853 
.06479 


84772 
60556. - 


.46153 
49214 
.08055 


.17895 
. 93947 
35944 
. 19828 
.85083 
.19874 


. 36672 
. 33566 
.62034 
. 67405 


. 87320 
. 18960 


.03350 
. 79246 
. 72835 
. 12103 


.34776 
. 78219 
. 15253 
. 53225 
.62188 


. 68678 
.64742 - 


.87251 © 
. 24120» 
. 68678 
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MOLECULAR WEIGHTS AND THEIR LOGARITHMS (Cont.) 


Compound sche Log. Compound se Log. 
Potassium (Cont.) Strontium 
HOLS! 5 Bee See 94.20 | 1.97405 STN eee eee 183.69 | 2.26409 
ACA hese. Sores 220.50 | 2.34341 SrCOs3 147.63 | 2.16917 
Silicon ISTO) inne eee 103.63 | 2.01550 
Sioa ake. tt 30 | 1.78032|/Sulphur 
SER ete Fs sarc s 104.30 | 2.01828 Arsosaetss eo coe 246.10) | 2a39rel 
PUSS) oe. Ce a ee | © | 144.46 | 2.15975 
1 STH A ee ee 220.50. | 2.34341 Hes. 34.08 | 1.53250 
PAO LGt tes...c.- 279.67 | 2.44665 Oo sae eet 64.06 | 1.80659 
Silver SOg sont eens 80.06 | 1.90342 
SOAS eat = sat sc ge oe 231.76 | 2.36504 HeSO. 98.08 | 1.99158 
324d 3) Rel eae aaa 187.80 | 2.27370)|Tin 
9:42 0 Cy See 143.34. 19 2) 15367. PTI) Gees dances ens 151.00 | 2.17898 
gal |p ee ee a 234.80 | 2.37070 STOe ns ee | 135.00 | 2.13033 
MEO NS ee, 2 133.89 | 2.12675}|Zine 
Ag3PO4 418.68 | 2.62188 Docs EE se ok 97.43.| 1.98869 
Sodium PO Re ees Shen 81.37 | 1.91046 
INVER cote oS .46 -| 1.76686 
NazSOa ra ZEOO- 2 L244 ¢ 
TENG COR cei. 106.00 | 2.02531 
TS GC ke a era .00 | 1.79239 
COMPOSITION OF SOME TYPICAL ENGINEERING ALLOYS 
ANTI- BIS- 
| IRON TIN sie LEAD |COPPER| ZINC MOTH PHOS. 
Bell metal...... 22.0 a 78.0 
Brasses sie. 72.0 28.0 
Brass (yellow). 60.0 40.0 
Bronze for bear- 
ings.. 16.0 82.0 2.0 
Speculum 
mictalinn. ce ars 33.4 66.6 
Muntz metal... 60.0 40 0 
Mosaic gold.... 65.0 35.0 
Gun metal..... 91.0 9.0 
(DIODES c az. 5. 94.0 1.0 5.0 
‘Babbitt metal. 45.5 13.0 | 40.0 1.5 ‘ 
Britannia 
motaley.... 2 90.0 10.0 
Poewtetee 2.55 80.0 20.0 
Soft solder..... 50.0 50.0 
Tobin bronze...| 0.2 0.9 0.4 61.2 37.3 
Phosphor 
bronze........ 10.0 9.5 79.7 0.8 
Rose metal.... 22.9 | Diet 50.0 
Car-box metal..| 0.61 14.38 | 84.33 0.68 
“B® Alloy, BP: 
chose: ae 8.0 15.0 77.0 trace 
White metal.. 82.0 12.0 6.0 
Type metal..... 3.0 15.0 82.0 
Cu Zn Ni Mn 
(CegmeeeG hse oye et eer o's bee Sah cdots 60 a 40 
(GER MITE STL. OK cits tes sth avai oe Mee as encltens 60 25 15 eae 
Manganin..... eneeere cutis wet Stace tase Sis 84 = 4 12 
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PHYSICAL CONSTANTS OF 


This table is compiled from Landolt-Bérnstein 


OCONOOoPW bh e 


Re i Sym-| At. Specific 
Name Derivation Bol one mise 
Aluminum...|L. alumen, alum....| Al Deel 22 ME20caes 
Antimony. ..|L. antimonium..... Sb |120.2 6.62 20° 
Argon, gas.../Gr. argos, inactive. .| A 39.88 | 1.38 A 
Waid ea anes eee ee A 39.88 | 1.405-186° 
Arsenic,cryst.|L. arsenicum....... As 74.96 | 5.738 
ATMOTP Here sl tar eats He an eters As 74.96 | 4.72 14° 
Rariuminyeas Gr. barys, ee Ba loin oe sOeOe 
Bismuthieeees Unknown.. Cee eB iees | POS) 9.78 20° 
Boron.-amora Sorat 4 ee B 11.0 2a 
CrYBtaiske:: 1] sents Aes. Cee B Wee 2.54 
Bromine, gas/Gr. bromos, stench. . Br 79.92 | 5.87 
Lighaidseaaeke |S eee oe ieee Soe Br 79:92) 3:12 202 
Cadmium .. .|/Gr.kadmia, ee Carat 8265220" 
Caesium..... L. caesius, sky blue.| Cs |132.81 | 1.87 26° 
Calcium..... Lecole slime x... Ca-+|-40. 074 |-1,54.29° 
Carbon,amor.|L. carbo, charcoal...| C 12.0 1.88 
eran hite: wit. wacmeeh eck C 12.0 2.25 
digimond:;o|e eth se eae (© 12.0 Sdol 
Centum. —.-. Planet. Ceres. ...... Ce {140.25 | 6.92 25° 
Chlorine, gas|Gr. chloros, green Gl 35.46 | 2.49 A 
liquid: eed lses-6= eee Gl 35.46 | 1.51-34° 
Chromium...|Gr. chroma, color...| Cr 52.0 6.92 20° 
Cobalt G. kobold, goblin ...| Co 58.97 | 8.72. 21° 
Columbium, |Coluwmbia.......... Cb | 93.5 8.4 
niobium 
Copper...... TRUSS SAS AS 3 0-8 Cu | 63.57 | 8.93-8.95 
Dysprosium,. (Gr ehard= to, speak|- Diy" 1624500 ees eee 
with 
Erbium. ...|Yrtterby, town in| Hr {167.7 4.77 
; Sweden 
nano pina ano Dee anne. c site 6 Bie, | 1522055 ie cee eae 
Fluorine, gas L. fluor, flow.. EF 19.0 1h fl 
TQ id cP oa Serena! ho cee eenpearees F 19.0 1.14—200° 
Gadolinium. .|Gadolin, a Russian..| Gd {157.3 1534 
Gallium. .... L. Gallia, France...| Ga | 69.9 594 23° 
Germanium .|L Germania, Ger-| Ge | 72.5 A PAY? 
many 
Glucinum, Gr. glykys, sweet. ..| Gl 9.1 1.85 
beryllium : ; 
Gold... .|Anglo-Saxon, gold ..| Au |197.2 19°32) 175s 


* Specific gravities marked A are referred to air. 
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THE ELEMENTS 
Phys.-Chem. Tabellen and the Standard Dictionary. 


Where found 


In many rocks. Most abundant 
metal. 

Chiefly as sulphide and in various 
metallic ores. 


Rare element in air. 


In barite and witherite. 
As sulphide and in rare minerals. © 
In borax and some minerals. 


In zinc ores. 

In lepidolite, pollucite, and some 
nrineral springs. 

In limestone and other rocks. 

In coal, limestone and all organic 
matter. : 


cites «Me et iMR bie es sien e Le 6, ete! 0's) ivi s! 6, temas: 


In cerite and rare miner als. 

In common salt and other chlo- 
rides. 

In chrome-iron ore. 

In many metallic ores. 

In columbite and rare minerals. 


As metal and in many ores. 
In holmium, samarskite, gadblin- 
1te;, etc: 


In gadolinite and rare minerals. 


In rare minerals as gadolinite. 
In certain zine blendes. 
In argyrodite, a rare mineral. 


In beryl and several rare minerals. 


Generally free; rarely combined 


in various ores. 


| Melting | Boiling | Dis- 
No. point point cov-| Discoverer 
£€ =| ©) ered 
1 658 1800 1828] Wohler 
» 630 1440 1450} Valentine 
3 |—187.9 | —186.1 |1894| Rayleigh 
Bis [Mee ALE ee lL pe (ee Se 
5 |sublimes 450 1694 Senredes 
CRIMES liens: a ciel ana on teh 
ff 850 950 1808} Davy 
8 | .269 1436 1450) Valentine 
9 |infusible | subl. |1808| Davy 
3500 
TNO call: Santee ok Sel ea, awn Ronee ae oe ee aE 
it —7.3 63 1828} Balard 
pide. cei Ne aly VA Saal ee Seen ae ee ae 
13 321" 778 1817| Stromeyer 
14 °26.4 670 1860} Bunsen 
ey SOc. Cera ea ch 1808] Davy 
16 |infusible subl. Pre| historic 
3500 3500 
et eee Odea nie sts Varate |itve atecateiges i.e 3é-s 
Flr cs | eer a resis itty a! Rrcivateres es 3 
19 O45 ircs| Seer 1803] Berzelius 
20 | -102 -—33.6 |1774| Scheele 
Si tee a ol 1 aed ical ere a 
APN AREY) 2200 1797| Vauquelin 
Pe fr 8 2 Whe Me [Cas her aioe 1773] Brandt 
24 SRO DOME Ol erasers tee = 1801) Hatchett 
25 | 1083 2310 Pre|historic 
P(oebe caes cro chal ae gene 1886] Lecoq de 
; Boisbaudran 
7 se 4 cre scalar tec 1843} Mosander 
DS A MOSEL alieae icrece Sis 3 1896} Demarcay 
29 | —223 —187 1771| Scheele 
2 () el ee lee Reece Gueleacaahs, etek e aes 
33) BM VA cncd cones ae eee ee 1886| Marignac 
32 SNe OS Se oe 1875| Boisbaudran 
33 958 volat. at|/1886|} Winkler 
1350 
34 SGOM wilte. none 1828] Wohler 
35 | 1063 2500 Pre| historic 
\ bid } 
Ga ia < / 4 U/ 7 
OU = 
OD, ma 
| Wes 
0 ay i 
i 3 15 


/ 


| 
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Helium, gas . 


liquid 


Iron, pure... 
Krypton, gas 


liquid 
Lanthanum . 


Lead 


Lutecium.... 
Magnesium. . 


Manganese. . 
Mercury... . 
Molybdenum 
Neodymium. 


Niekeliy 2.28 
Nitrogen, gas 

liquid 
Osmium 


wie #) eh ae 


liquid 


Phosphorus, . 
yellow 
ROC ee 
Platinum:... 
Potassium... 


PHYSICAL CONSTANTS OF 


x 

| 
< 
¥ 


Derivation 


Gr. helios, the sun. . 


sie, eee. ae. ee 6 (eye ro bY ella ae 


Gr. hydor, water, and 
genes, forming 


From its indigo 
spectrum 

Gr. todes, violet.... 

L. tris, rainbow.... 

Anglo-Saxon, tron .. 


Gr. Kryptos, hidden. 


Gr. lanthano, to con- 
ceal 

Anglo-Saxon, lead .. 

Gr. lithos, stone. ... 


Lutetia, ancient 
name of Paris. 
Magnesia, district in 

Thessaly 
L. magnes, magnet . 
Planet Mercury.... 
Gr. molybdos, lead. . 
Gr. neos, new and 
didymos, twin 
Gr. neos, new 


Sw. abbr. 
parnickel 
N. L., niter forming 


o, 0)jb eivelie lat 6p @ 18 fo) is: gee w 


of kup- 


Gr. light bearing... 


SD DUES oa. on 
Eng. potash 
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Sym- 
bol 


He 


m mo 
f°) 


At. 
wt. 


oa 
4 


1.008 
1.008 


114 


126. 


126 


193. 


55 


.00 
.00 


os 


92 
.92 
1 

84 


.92 


Specific 
gravity 


0.1387 A 


0.15 —269° 
0.0695 A 


0.070—252 
7.12 13° 
a el OA 
4.94 20° 
22.42 17° 
7.28 
2.818 A 


2.16—146° © 
6.155 


| 8.60-8.90 


0.967 A 
0.854-205° 
22.48 — 


1.1053 A 


1.14-184° 
12,16 


1.83 ; 
2.20 


21.37 
0.870 20° 


—ie 
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THE ELEMENTS (Continued) 


| Melting | Boiling | Dis- 
No. point point cov-| Discoverer Where found 
| ae Be ered 
. 
| 1 | -270 —267 1895| Ramsey and] Rare element in the air and in the 
: Travers sun. 
Bie boc ~caadt ie eae let eoteneepet Peel gat Aral hs et i Peco [eRe Re RN Re UE cae 
3 | -259 —252 1766} Cavendish Mainly in water and organic sub= 
| stances. 
ae | eee | en erent al ele alee hae pee SE ag Piet ie WR eR Ne Ry 
5 155 red heat}]1863} Reich na In certain zine ores. 
S Richter 
B 119 184 1811} Courtois Mainly in ashes of seaweeds. 
SS Glee IO wn oa 1803) Tennant In iridosmine. 
9 -:1530 2450 Pre|historic As oxide and sulphide in nearly 
all rocks. 
10 | -169 —151.7 |1895| Ramsey and} Rare element in air. 
Travers 
LA Ee & or SC LBUM cot Bae Bouck] Eaeee lee Ae ee ase ae [ent mae ee Et ote a SE 
2 POH) 6 ee area 1839} Mosander In cerite and other rare minerals. 
13 Bran 1525 Pre| historic In galena and other ores. 
14 186 1400 1817| Arfvedson In lepidolite, spodumene and 
other rare minerals. 
SNe eee Pie |S, 22a ant 1907} Urbain and In samarskite and gadolinite. 
Welsbach 
16 651 1120 1829| Bussy In sea water, magnesite and other 
minerals. 
Tepe Os | ses 1774| Gahn In pyrolusite and other minerals. 
18 -38.85| 357.25) Prejhistoric Native and in cinnabar. 
OTM oy tree lah Sh as aoe 1782| Hjelm Chiefly in molybdenite. 
20 Se Bean eites. Sone 1885| Welsbach In cerite and other rare minerals. 
21 | —253 —239 1895) Ramsey and| Rare gas in air. 
Travers 
DD a Oe aead sor 5 1751| Cronstedt Many metallic ores. 
= -211 -195 1772| Rutherford In air and organic matter. 
DA RA eT ® [Cicds Sys Ge AN cane Raise ee nea Sy CRs ONS Ne ak ee ay 
25 A270: white 1803} Tennant In iridosmine and native plat- 
heat | inum. 
26 | -218 -182.7|1774 Priestly In air and forms about one half 
the earth’s crust combined in 
’ rocks, etc. 
TROT Se oo ce en Sea ee eens are rs PE NPI, NE Roce = EES ey Rs ete 
2S ret in. an ee 1804} Wollaston Native and in platinum and gold 
E ores. 
29 44.1 290 1669, Brandt In bones and apatite and many 
; minerals. 
OO salem otis |Slis. Sates Pati lcee Actor Sac ace A eae ee) ee oe test a SRE eR Ee eae 
SSG 2 70S Say cd aie dd 1741» Wood As native platinum. 
32 62.5 de 1807. Davy In wood ashes and many rocks. 
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: : Sym-| At. Specific Principal - 
No. Name Derivation bol wt. gravity valence 
1 |Praseody- Gr. praseos, green,| Pr {140.9 6.48 3 
mium and didymos, twin 
2 |Radium...:. Li OCdiess Lay; meee ree Rig. se 22650 wee ee eee fe 2 
3 |Rhodium....|/Gr. rhodon, rose....| Rh |102.9 |12.44 3 
4 |Rubidium...|L-rubidius, red....| Rb | 85.45 | 1.52 1 
5 |Ruthenium. .|/Ruthenia, Russia...}| Ru |101.7  |12.06 2 eeOrNe 
6 |Samarium...|Samarski, a Russian| Sm [150.4 Lolo 3 
7 |Scandium. ...|Sceandinavia........ Se AAPA Se || We Saint ae 3 
8 |Selenium..../Gr. selene, moon....| Se 79.2 A ATE 80) |e One 
OmiSiliconke 2 eeselegretiinG. ae Si 28.3 2.42 cryst. 4 
LOU Silver: 26 ae. Anglo-Saxon, soelfor| Ag ‘107.88 |10.50 L. 
TAS Sodus can English soda =)...6.. |e Nas se coc00™ Olga 1 
12 |Strontium...|Strontian, town in| Sr 87.63 |.2. 54 2 
Scotland rH 
13 |Sulphur, Ws SOUIUHAD Gk ay ede S 32.06 | 2.046 2,4 o0r6 
amorphous 
14 MOM DUG eres as eee eee Ss 32 -064)>2.,.07. 2 4.0116 
15 TOMO ClimiCuley cameos en ae Ee ee 5 32:06 +) 12954 2,4 or6 
16 |Tantalum.../Gr. tantalus, myth..| Ta |181.5 |16.6 5 
h? \Lellurnm. 2. Jl. tellus cartin. 2... Te wat 2725 Gaze 4 or 6 
HS" |'Terbramiscas iWidheroue © tow eins peel Om fal eee 3 
Sweden 
19 |Thallium..../Gr. thallos, budding] Tl |204.0 [11.85 lor3 
twig 
20) |horiumee: a4} God el hon sae ene HPS re 2 Aes GN 4 
Alga 4 Maedbuobsalacnn en lio INiermmel yale |) “lPuanediGsede \F 5 ccancpo | seus osc 
22. |Tin, gray....|Anglo-Saxon, tim .:.| Sn |118.7 5.85 15° 2 or 4 
23 rhombyecth| | ae emer ee nee Sn {119.0 G.00 2 or 4 
24 tetragonal eae vel. aoe ee Sn /119.0 Ua ZOSalow 2 or 4 
25 \Titanzum.... |. Putanes; sons ot|) 21 48.1 4, 4or3 
the earth: 
26 |Tungsten, Sw. heavy stone....| W |184.0 |18.7 6 
wolframium 
24) Wraniimes ea ielanetnOmanus. 2... U 238.2 118.68 6 
28 |Vanadium...|/Goddess Vanadis...| V SO 5.69 SeOnEO 
29 |Xenon, gas. .|Gr. xenos, strange ..| Xe |130.2 4.422 0 
Boi). Lignarlwes Sela ak oe eae Lee Xe |130.2 | 3.52 0 
SUM Armes clovulaelaen DMnK Rody, wool sea olor Wlyeiess: 1h 2555 06506 s 
Sweden 
Dio ael Nob CPUUILIN ee bee |RIGLE CT. OT /Maree terest een eerete ay; 88.7 3.80 3 
esa ALIN Gin eases GorZaniehe csi kesen ee Zn 65.37 | 7.00-7.19 2 
34 |Zirconium...|Per. zargun, gold-| Zr 90.6 4.15 amor. 4 
color 
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THE ELEMENTS (Continued) 


Where found 


Melting | Boiling | Dis- 
No. point point |coyv-| Discoverer 
ra. ae: ered 

1 OA Ode Se one oe 1885); Welsbach 

PAN 2a Be epg nal bare ae 1903} Mme. Curie 

ee OD Oe cee ke 1804} Wollaston 

4 38.5 696 1860] Bunsen 

Om ect OO eres me 1845} Claus 

Om oOOs as Ws eee ts 1879} Boisbaudran 

1400 

mls OOE, [ext aes. oc 1879| Nilson 

8 217 690 1817| Berzelius 

9 | 1420 3500 1823) Berzelius 
10 961 1955 Pre historic 
11 97.6 750 1807| Davy 
1D; 900 white 1808} Davy 

heat 

13 120 444.7 | Prejhistoric 
14 114.5 BAUR fa: | MOeey Pale te oad Ad RS 
14S 119.3 UN ea fel Re ll a ope em pas 
TG\< || “SYS Ons eee 1802} Ekeberg 
ity 452 1390 1782| Reichenstein 
SHS Re meet (teen ld. 1843; Mosander 
19 | 301.7 | 1280 ‘|1862} Crookes 
740) =|!" Si 7A(B 0 as (ee a 1828) Berzelius 
Pall | een Dea aa 1879] Cleve 
a PBN) 2470) Pre|historic 

33. ll sien eel eae. oe Ea OS cc ats ee 
Fae || le Saale eee ta ae a | oa eee ee Bos, 
ZO TOO: 8S Sites 1789| Gregor 
DOMMSZOOE. Naktis os. 1781] d’Elhujar 
CimakNear: Woe so2 2. 1789| Klaproth 
MAO. Bol cc cana e 1830] Sefstré6m 
29 |—140 —109 1895] Ramsey and 

Travers 

P10) *|| Se airy et Sa Perea Scarenar a. beta 
Slee LMS Ce 1878} Marignac 
S72.“ cacao eee | han eg ame 1828} Wohler 
33 419 918 1520] Paracelsus 
Se. eeults eset ene 1824 Berzelius 
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In cerite and other rare minerals. 


In pitchblende. 

With platinum and iridosmine. 

In lepidolite and some mineral 
springs. 

With platinum and iridosmine. 

In samarskite, cerite and other 
rare minerals. 

In gadolinite and other rare 
minerals. 

Mainly as impurity in sulphur. 

In: quartz, most abundant after 
oxygen. 

Native and in many ores. 

In common salt, sea water and 
many rocks. 

In strontianite and rare minerals. 


Native and in many sulphides 
and sulphates. 


In tantalite and other rare 
minerals. 

In several rare minerals. 

In gadolinite. 


In pyrites and flue dust of sul- 
pauric acid works. 

In thorite and other rare minerals. 

In gadolinite. 

In cassiterite (SnQz). 


In rocks and clays in small 
amounts. 
In wolframite. 


In pitchblende and other rare 
minerals. 

In vanadinite and other minerals. 

Rare element in air. 


In gadolinite and other rare 
minerals. 

In gadolinite and other rare 
minerals. 


In ores as oxide, carbonate, sul- 
phide and silicate. 
In zircon and other rare minerals. 
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PHYSICAL CONSTANTS OF 
Compiled from the ‘“‘Chemiker Kalender,” 


Mol. Crystalline form 
Name. Formula. ae Sud color! 
TitAcetle- Weide ee... << Cova Ore recs eiereencree 6003) oc Jet nace ae 
2) ALUMINUM... ctv ALLS ee tae Sn kere as 27.1 _| regular, bluish white 
3} Aluminum acetate, | Al(C2H302)3............ DOLE LEIGARS eo eee eee 
normal 
4) promt Gon yaaa AloBro(+12H2O)........ 534. colorless 
St. “CHEDIGELAaAwis ws ae Se A Sigel Sr ieee aye toe A: 2 Se ae ee ee cP res 
612 -ehlorides Saeaatcias AleCle(+12H2O)........ 266.9. | hexagonal. > ou... 
Ne) SAANFOLIG Ge A) Geemeers neva AMG eat: 5 one ceca TOS.2 IS Gas e oseas CaS 
8) = hydroxide ss. .cenm Als (OED Go a. oo eee 156.3 | amorphous, white. .. 
Ol THOME: Ree AlgTe(+12H2O)......... S15. 7 A wihite: as oe een ee 
LOK snltrates sc. ce ee Ale(NO3)6+15H20...... O96°7< \anedese. ae 
Hal OXIDGER Re Ss ae WO Ss. 5 ars, co ato eee ia 102.2 | hexagonal, amor- 
: phous 
12) phosphate......3.- Ait POD. 03 cas, Raines 244.2 | hexagonal, colorless . 
{3} sss phates: tee kee PEN Co) OD ete eee cio ea B42. 4 | WG ee: Ste ee 
Le eeulphates i. 4 ware Ale(SO4)3+18H2O....... 666.7 | monoclinic, colorless. 
ESI ssulphider:....- ones ERODES, Wer PAR ie rts RR 150.4 | yellow erystals...... 
LO Atmanonlan. 24 2 See TTR Ge oe eine Jee es ae ie iis fele(adt 3 oc eee ey 
17; Ammonium acetate .|;-NH4(CokizO2)..:........ TU. OVS. ee eee 
Sit mreh LUM TID rarer pate Sess oe Se Alo(SO4)3. (NH4)2S04 © 907.1 | regular, colorless... . 
+24H20 
PO) ALON, ALU Ae ces vite Fe2(SO4)3. CN Ha4)2S01 964.4 \ regular, violet...... 
+24H20 
20} bichromate....... GNIEDA) SCOR aiee eee oe 252.1 | monoclinic, yellow or 
red é 
21| carbonate, norm...| (NH4)2COs+ H20.......) 114.2 | colorless....... RBs 
22) SCAT DOnehey- DEliacan (UNE srk, © Oss miami aes 79.1 | rhombie, colorless. . 
23| carbonate- - NH4.H.COs W571) Whites Joe eee ee 
carbamate +NHaCO2.NHe : 
24)) -chiorides . 52 sine ING OA =. gals cisterns toons 53.5 | regular or tetragona. 
colorless : 
25|.. chromate... ..2... (NHaeCROIC Aas. S Sata 152.1 | monoclinic, yellow .. 
26> (CV anateree. 4 sickens INEUCIN Gein coasts eon 604 2 SP sons eee 
O7\e OU Gee INHGE: 5... eee eee: 144795) rezular. eee 
28] magnesium arsen- | Mg(NHa)AsO4+6H20...| 289.4 | tetragonal.......... . 
ate h 
29) magnesium phos- Meg(NH4)PO0s1+ 6H2O....| 245.6 | tetragonal ........ 
phate 5 
SOlSemltratetes cman GNI) N' Osa nc taeraent ra 80.1. lushombicy Sata. eer 
Sh pe TAVEL TCI ttee te she INGAUNIOb:: cee gear Bete Die. Sie Ladd We oe A ae Si a ees 
32 SO xala teres seoo ats (NHa4)2C204. HeO.. 2... 142.10} trimetric prisms..... 
Do» sDErsulphates. <a. +.) (CNIEayoSsO seen ect eiens 228) 2> |; monoelinte=-= es ee 
34)” phosphate, sec. ..:}| CNH4)eHPOs... oct nd 132.2 | monoclinic, colorless. 
35] phosphomolybdate.| (NHa4)3PO04+ 10MoO3 1643.28 ~| YeHOwWs soa eo eee 
+3H20 
36} platinochloride....| (NHa)ePtCle............ AGS 7 \oyellOWsso es oe 
Sil, sSUlID Wate. era CNH) eS Oi ni bee ee 132.2 | rhombic, colorless. .. 
38| sulphydrate....... GE WELS eae ree a eee 51.2 | rhombic, colorless... 
39) “SsulphotVanatie.. cise) INI CNS ose eeneepere eee 76.2 | monoclinic, colorless. 
40). Antimoniteacid... .<ei-HsSbOss... ok ee ee TOD) .2:\teie pan ar eycr eee EME ep! 
41) Antimonous: acid: ¥ Vs HesSbOsmenw. so saoeee were IG Tee a | are Ber aroce Ohta aang 
AD) PATtIMAOMYem o.ctee ecee SD slik Sitar ee ent ae cies 120.2 | rhombohedric, white. 
43| Antimony chioride, 4 (Sb@isn «acm selec oes 226, 6" Phombilees os focus 
trl ‘. ¥ 
44 ehloride, penta oe salsSDClsscci eee en eee eee oO es fant Ch ek i oat re en 
Abbreviations: a., acids; al., alcohol; alk., alkalies; appr., approximately. 


aq. reg.. aqua regia; atm., 


atmospheres; cone., concentrated: 
20 


decomp., decomposes. 
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Solubility in 100 parts of 


Sp. gr. Melting- Boiling- 

water 1 point, point, 

D. air 1 Deg. C. Deg. C. Goll swaters: Tot water. ve acids. 

1.0607 Le. ELSE 8. @s_p 8.4. D aoalt 

Detk een et ER Sets cp Tahoe ete eats a sure bee F s. alk.; s. HCl, 

H2S04 

sears iee decomp. iS eae eee | > decomp 

2.54 93. 263. s. S. s.-ak 

Ne ae ea 190.(23at.)} 183. 400. Vics 50 al. 

SS ie OS Be Perino ecient area i: i: [ahi 8:2, alk. 

Posie Oya eal ois PEER CR a) kart Pee i. I; 8. @., alk. 

2263 185. 360. Soap ain Lely Ihe sic ee emetie we s. al., s. CSe2 

eae 70. 150. v.Ss nhiguaege Kane VRS ea 

22 0S SU's Cape tone Get eo ca ee k. is s. H2SO.. 

Pe SAE a MEA Sites se Pe eect oils Le iaete wa Beye adn aeteariale, 5 S. a., alk 

2, BE ee Eh Sal oR a iy eu a ee 36.1 89.1 

SNES SERS yausv cys |! eto tice hate o's AOF. 11532 Sirs als 

2.37 

0.597 D — 75. —33.5 ROO eet rata oe ats ay s. al. 

firs 89. Ree ANT 148. 

PURE MI MON Siacte stot, OT NS o he se Ss rb 9. 422. 1 ak 

Exel2 eae en, Se) Beet ries 5 AES (CAO SM Reivers ot et ao 1. al. 

2.367 A. Li Arr eee Sere be v.S8 MS 

Subse plo Sbee ode epSsct sical a ae eee eS 8: e: 

1.586 CREA Fad he eee tar Day SU arate os9 Foes 1. al. 

U5 52h Ge 8 ee ee sublinfes 25. (159) 70. (65°) 

Mies a een sts Lice I os vecteiailens 5 ~ 83.(10°9): 73.(100°) £2->.(82) 

1.866 Ath ASE Heer (ooh Sa aan v.S 

Sy Soa, ar Sem Sree Ss. Brana rotiprtsgo art eure Per Te 

Pi Ly I ie Mg LS oa (ee ded ee Vis 5. al. 

Re ee eit eee res Geshe ohana Ont? lp 1. al. 

UO a reac ia eee eae ae 0.005 | Baers {. al. 

1 Via gE 166. 200. 2002 (1-52)5) V8 s. al. 

1) LES SAR eS 2S TA a 2 Ss. 

GDA ce | Oe Oo at el a 4.2 41.34 

<p 5 Eats Sed eset eae ae 58. 

1 LOS Oo eA oe a edb 25. Ss. lak 

Saeed ety tN ae, 6 yh late hs 3 1 {, al, 

3.065 t 26 ea Coe elaeee 0.67 1.25 al. 0.05 

1 rgd PAVERS I Wes ost cna. tis ay? 76.(20°) 97 &(100°) | I. al. 

RUA Ae Ee oxi. sublimes Se abst SEP Se iy s. al. 

1.306(13°)| 159. 170. 122) (0?) 162. (20°) | s. al. 

6.6 MICEOMNDE P| Sroteasecione sl. s sl. s. Ss. a. and KOH 

Reigate decomp. as Taccearate cetenyy is fe ia 

GilS 1S. Hees A Roan god A os ca evan (ee Lee en ee ee s. hot HeSO4 
F aq. reg. 

3.06 (26°) Tox 220.5 Sicatane. Gesas Vikatan teres 8. cone. HCl, 

al. 
2.316 —6. 


Abbreviations, (cont.): i., insoluble; s., soluble; s. a. p., soluble in all proportions; 
sl. s., slightly soluble; subl., 


sublimes; v. s., very soluble; vol., volumes. 
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Name. Formula. ee bbe eee 
45|Antimony, hydride. siSbE sis carte, 1c ou sont || all eee Reece ee 
AGS OXIDE PI= 2. ss ees SbeOr 3.02 ee 2 288-4 a rhombics. a aoe 
47| oxide, tetr-. '1SbheOaeict tae so Senses (BOLAG  winite ss eee 
48) oxide, pent-. Pe SbeOn.- te 2 a 320 2a yellows er eee 
49 Antimony oxy chlor-iSbOCGls. os ai a ee 171.7 |regular, white....... 

ide (ous) Re 
50|coxychloride:Ge)ne | SDOCls4ne ann eee 242'°6\yellowegan aot 
DiLleasulphatern = ae (SbO) 2S Ouse se SOSsL |. 7 5 ee AoE een 
52] sulphide, tri-..... SDoSse vas aca co ee eee 336.6 |(a) hexagonal, black 
(6) amorphous, brown 
ddly “sulphide, penta= =o Sess... ee see eee 400.8 Orange s7..07ann en eee 
54 Arsenicu(cryst.): . ee WSs ets: si tees eee 299.8 |STAY cand on eet 
55] Arsenic acid, ortho- . ‘AsO (OH); ate PO ok ais,| LON ae ace eee 
56|Arsenic acid, pyro-. .|AseO3(OH)4.......... 2OG se. | ace aa ae Ee 
57|Arseniec acid, meta-..|/AsO2.OH............ i RR Peeve roe ae 
58] Arsenic pentoxide. . MA ce On wea han See 230. |amorphous. 
59| disulphide. . fe Aa cic nears toc teen: 214.1 |monoclinic, red...... 
60 pentasulphide. . SNS OS cle she eh ose enue ane S10:3- py. ellow tee ee eee 
Ol Arsenous chlorides |As@ lan nee aan ee T3134) Nise eee 
2 sehyidrid erect e: ae PAGS Es ta oe A ie eae 08.0 ||o.5 avecsag che coes Eke eee 
63), trioxidey +o ee AsiOse 08 tite: ah doce how 197.9 |reg. amorphous, white 
64] oxychloride...... ASSOC] Rs fee eae 126:4 “browse. veer 
6D} “selemidesck. ace A SoSes stewie. See te ete S850 Nl ce. cases sara ee ee 
GOlsulpliides oy .c. saan NigsSa sree deen ays eee 246.1 |monoclinic, yellow 
OdlB amines ae eae Bali aceite apes aoe 13 Aci teres see er eee 
OSismacetate:, 05 = ano. Ba(C2H302)2.H2O..... 21 d-A3| PMGINS «epee 
69" bromidettecan ..o. BaBro-+2H2O...%...- 3d0cx | fDOn DICH eee aa 
£00 carbonate ss... 7a Ba OOss ot hones oe 197.4 |rhombic, white...... 
71) chlorate. .¢....../Ba(ClOs)e+HeO...... 322.5 HIMONOCIMIC oe eee 
V2 ee blond el sas emer: BaCle(+2H20)....... 254, dm THOU DIC Me we aene 
wo\© “chromate... ssa Ba CrOiSerere tes) ict 203.0: | yellows. - seme eee 
C4 “Hluonade 4 > 4 ae aie See ee ee 175.4 |amorphous, white.... 
(Open hCie Ox Cn ers ane Ba(OH)2 +8H20 , ee 315.6 |tetragonal, white. ... 
TAG nau HTK R Sica maces silo NI ORs oie aleercece: 2015) resulate: se eee 
Ti): caviraiteeda oe 420: Ba(NO2)2 en fence Veer 229.5 |hexagonal.......... 
ESlae OSICC a sete BaQ) ceed bees 153.4 |regular, amorphous, 
gray 
79) yperchlorate....... BalOs\e Saeeee a 336.3 |hexagonal.......... 
SUl-- phosphate prim: 2 |akia Ce Ons snecs meee SOL Ana triclinicer wees ae 
Sli> phosphate, tert... .|Bas(eOn)oa, oo. see GO 2.2271) eicreet Ont ae ae 
S2i- phosphates seca a|bakbe Onset ee oe BOO AEE 8X eh ee ence 
83] pyrophosp hate.. eel XO) Se aheetetaenia es © 448.8 |rhombic, white 
84] silicofluoride ..... Ba iiicnee errs e rors. PHS em ree eee eed 
Sol sulphate: s205 BaS Oa aver: eee ire 235360 | THOM DIC eee 
Sle" sulphides. -.8) ise AS adage ete 169.5 rhombic ih ae 
87|, -superoxideé.... :....: Ba Over. ue ee 1VGO9:4 «| graye ® pe skh eae eeneeiemee 
SSiisismaait Oe ce eee itd SPas i, aren au Nw ates 208.0 |rhombohedric....... 
So Bismuth chionide ca qiSi@ leona ernie ane 314.5 |white crystals....... 
90} hydroxide........ Bi(O Esha ae me eee 209.0 lw iter ame Ae nee 
OLS mitrate ores er Bi(NOs)3+5H2O0...... AS4. Leitrichini@ soc. ee eee 
92! pentoxide........ WO ARIE NM eat Be A962" slibnOwiipenne see 
93) "sulphate. ce Bin(SO4)s3 (0452.4 Whites pve sai aes 
94) -trioxid@:c......05 Ts OF ge yet opera ars > J 464. sly ellow nc fee ees 
95| trisulphide....... J mS US gtartan, euaeo Mac re ance O22 hong DICn ene 
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Solubility in 100 parts of 


Sp. gr. Melting | Boiling- 


water L point, point, 


D, air 1 Deg. C. Der CA Cold-water 


Hot water. 


Alcohol, acids, 
ete: 


45/4.3 D -91.5 —-18. 20. vol. 
EC He) Gere ae Ne Res ha a ated sublimes |i. 
AVNER cl SE Ree ae i 
48}6.52 300. 9g Beane sles 
A a ee decomp. decomp. |i 
oC) ered | eer ke RN Ae SNR ony 
fea ON ale eee re oe decomp 
ONG One OOO Se Mo. % i. 

(b) 4.15 
SS). cos ce oe ek See ee eee ie 
54/5.73 450 subl. 860. i. 
55|2.0-2.5 SU) Meee eeces fletor Sy cn e:. 3 16.7 
ollece etae See 206 decomp. 
57 
Beisel) ta ai apes eae iene decomp. | 150 
5913.54 Soy UE See ANS ook ie i 
COAT. te. licen cs) eae mere subl 1 
612.205 —29. 134 S. 
62/2.7 D -119. —55. 5. 1 vol. 
63/3.69 DMs SUD ke cay eee ye as By 
AB eos ods otc SESE Sees as decomp. 
65|4.75 360. ee al aes i. 
Goa G) gy Poles Ses 700. se 
67|3.6 850. 1000. decomp. 
68/2.02 GECOUMIeS | id |inw 5. oy 62.9 
69/3.69 SOMME i a idl tech 100 
70)4.275 OS. >, ee eae ce eee i 
71/3.179 414 120. 25 
72|3.05 OCUR, peas OES aalvees Ad SClOm) 
GBBDs 8 1 ak ae teen aie seine i 
744.58 WO SOs eee talents oar sl.s 
75|1.656 ers: 103 pate Gis 
76|3.2 593. TENS arene 2a Oe 
CHA 5 ee ee HU RGeCOMIDS | eyo - GB (OU) 
78|5.5 
(ho) eae Oe eee Ope Nase ei bs Nebaag ctu s. 
SOREN As) teal on Scene ste Bole ea stn: decomp 
SSSR Lc la eee le | ie 
Le [ba ea ak ane A CRE cucaye i. 
SION OO ar ests): wis shales ass oss sl. s. 
Sem (ALS nce Rec fete A 0.026 
Sd FA486—-4.63 11500, 3 Ne a es ie 
SOO Mme a eter keane te decomp. 
SM ROD Samed are Merten... Pacers of we te 
83/9.7 268. 1435. Me 
89/4.48 230. 429. decomp. 
OO et eree ee KU) aay | ar eae We 
ORS a con So ath arise 80. decomp. 
eA area tate 2 ZOLGCCOMID |) sashes 1 
SPINES, nl eae te a er re decomp. 
94/8.868 Pees arierse | sci. she The 
95|6.5 LC OONDDS 6 9 Pein is 2 re 

| 


4. al. 1500 vol. 

bcs Ae eae s. cone. HCl 
acetic acid 

i, sivalk... sli: ssa. 

re Sabl Cl3 KOH 

ee a iecal wom HCl 
C82 

Bn te Pe ef s. al. 

decomp 
i. s. NHy. SH 
i. s NHa4.SH; 

gualicas: 
i i 

50. s. alk 

v.8 V8. 

1. s. KeS 

1. Sivas 
decomp Ss ELC@leaaal 
sl. s. sl. s. alk. 

9.5 s. HCl 
decomp: = 5 |Le .e en 
decomp. s. alk. 

i s. al. 
decomp. ; 
80.5 i. al. 
204. s. al. 
Wn i. al: 
ES sl. s. al. 
Meo (LOO) tap cel een leneers) 
HCl, HNOs; 
1. Stas 
aS ER hs ieee se NEVCI= EE 
3875. sisscals : 
34.8 tal: 
ie ae NS ee. Vie Seocbl Olas. 
alk. 
I Pe apn NaeN A vs s. alk. 
decomp Suen 
1: Ss. a. 
re Ssualat. See al 
sls. g. a. 
sl. s. lame esl eceeran 
i sl. s. HeSO« 
decomp i. al. 
decomp s. HCl 

Radia: ncn. s. HNOs 
decomp 
cranes Gane S. a. 
decomp s. HNOs 
ae ah) a on sy LiCl 
5 oer a s. alk. . 

+ ae s. HNOs 
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_PHYSICAL CONSTANTS OF 


\ 
Mol. Crystalline form 
Name. Formula. wi addoine. 

96; Beryllium, elucinum| Be: 0.5.4. 5.0... 0n5- 0.1] white aor eee es 

97| Beryllium chloride. | BeCle(+4H20)......... 152.1 | colorless crystals 
GRivo WMATA tax bo seers ee Be(NO3)2+3H20...... Ry Re Bc hear en Ieee er rear ois Petey ih el 
QOl. 20X16 ae cea tes sasene oe Bee ins peste eea esceatce 25.4 | amorphous, white... 
TOOie— SUIDRELES am took BeSOs+4H2O.......... 177.2 | tetragonal, 7H20, 

; monoclinic. 
101) “Borie: acids. = Sos.cn FIGS OBss. reeks pies eee eae 62. LA CHT. cee eee 
£02|\( Boron vase etree BS ae wii bee Dee al poeus Raabe kee pe monoclinic, yellow; 
amorphous, brown 
{O3isBoron: chlorides se on Olsen crete shevenclowe te LUT V4 Sagutetrs ood oN eee 
LO4 1. JORIWSS Caceres cites BoOs asia eke oe Le eee ee (EU ESG Caren eee ves tee 
LOS), Sulphide. 2 store BaSsi fore sa aed noro ra eee DE ct ae ah) ene ee 5 
106| Bromic¢ atid. .......... I SELBEOS scars agus talonmentene 129. COLOTICSS 3. was tucks Se 
107) Bromine.) =e WB yore: Pecans ee Reon cae 1595 SSE Wik.) n.dciece eu eee 
108] Bromine chloride ...| BrCl+10H20........... 295:. 6-1 VEUOW ic, ae aie aes 
LOO), AONE Ces Sten wie MSTA Gast ie ee ee ZOB ES deo Greece eee 
110) Cadmituinsc..ate« eee Os ae. a5 7 em oe ea VI2¢4 |} hexsronales > aces eke 
Li Cadmium carbonate we dC Osram eee one NOx: Sak Pee aren ee nara Pace st cic 
PUA SChiOnWdes ce. ace sete CdCh-- 20s. oa. oe as LG CONE a everect eta sciota ct i CReRENE 
LS ee fh orignes s aie). suaekers CE aca ee eee ot VS OSA sisccse eictous ates ete eee 
L44) hydroxides... osesos COCO oe apt sete eretese fee 146.4 whites . i. dan 5 lee ot 
115) SnTGrate:. cats. ee Cd(NO3)2+4H20..,.... SOSLG alacant eee toes, eeciente ee 
EEO TOXIN recesses ome NOLO hide. ieee eatin 128.4 | regular, brown...... 
TET) Surpass... = sets (a) 83CdSO4+ 8H20...... 769: 3: | - Monochnice...cae eee 
(bo) CdSOi1+4He0O....... PROLG Slee cee eee oes 
PUT: Sup ess0 2s .cm hele eve WES Beaks aroun capers 144.5 | hexagonal, yellow... 
19 sCaAeshitn CHloride: sam BOL «omelet cuceterete sternal 168.3 | regular, colorless... . 
#20) hydroxide =.:.2 625 2 S10 Tee ae eeotaine eee 150. SciS ee cok ie es > aes 
BS-AC oe oa eee aio | CBINOI ates outlet eee 195. LETT RA PONALceees eee 
£22 so SulpMaten: «ci ac. WSS OL i Rein apace eee 862.1 COlREIESS - ae ee renee 
i273) -Calcniimte Se nek sae COS cieceete ys ee pane ne aun 40.00} rhombohedric, yellow 
124| Calcium bromide ...| CaBre(+6H2O)......... 19929 GWG ee. e ceeee cues 
FOS sCarbide. tes. con. oe CaGrras sae ee ee 64. gray crystals... ... 
1261. Carbonate. Wa. <n oo Ca COnmr orien see 100. rhombohedric and 
rhombic. 
127)» CMOnlde: i... see CaCl+6HeOes. 2.5.5. 219. hexagonal... ct. 
L2S eCOROIM AEs. «0. cae SACrOu 2HeO)... es 192. yellow crystals...... 
129), “fuorides tas . si. OSE Seren eh metenens gs oc o othe 78. be S)248 HE) eee a Ramee MN a 
L30|- By GEOxIGe: =) 22 2c Leh (CUED YG A, onesie toate TA ON ee Brycdede oe cenley see ae 
ILI) ~-hypetnirorite. . ....: Ca(OC)l2+4He2O........ 210% Ae ots eens ao ere 
132| hypophosphite.. ,.| Ca(HePOo)2...........: 170. monoclinigc- a. ase 
L383 metapnospbate. ... WWCACPORe., cs. cheats wo creere 198. WRG. ston «oem ere 
P34 |=. OKA tes. teto eB ee Ca(NOs3)2+4H20........ 236.2) | monoclinic. ... 6.2... 
LSS)", OSIGE Stee oaks et AG) even akties etalon 56. amorphous, regular 

136! phosphate, prim.. .| CaH4(PO4)o+ HeO....:..) 252.1 | rhombic........... 
137| phosphate,-sec. ...| CaHPO:+2He0........ 20h a a oe ae ee 
138| -phosphate; tert. ....2} CasCPOns. os02. 2. ne os SAO ci oh pha ea ce ee ca ee 
139) “pyrophosphate... .|-CaoPsOx7 neta. - sare 254. WILIGEToc.co cusses ethene 
140) sulphate.....:.... CaSOs+2HoO.. 2.2.0... 7221-4 myvonoclinieo ..oa.eh 
43> SRO BIe.. eee WHS 2s casatiatertre ch « co haere 72. regular, white... .-. 

142| Carbon: diamond Gi... sn anicne eae eee 12% regular, colorless. . 

143) Carbon, 2taphisery Ove is ewe sternieeeaete aia 22, hexagonal, cahgd 
144| Carbon dioxide..... LO ae er atrnea e i's boot BANS eS ot oats) tee ee 
145) disulphide) a ..c-; OSs: Cie aoe aie ees TO ond are area eee 
146) monoxid@...2.o2 . COx eR oe aan QE. ce ap tte date: Acta ote eee 
1471) «tetrachloride... << iC. 25 Joon ae one L868 cle = ese Oe eee 
TAS WCB ee ein cs Ges il a eee TAQ Se ea ae ck ote See 
149 earbonate... ..5. .2 Ce2(COs)3-+5F20 EAs] Oe: al Bees serine 02) ty diel tian The Fe 
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Solubility in 100 parts of 


Sp. gr. Meiting- Boiling- 
water 1 point, . point, 
D. air 1 Deg. C. Deg. C. ala LwaierslL trots water: sewn acids, 
96} 2.1 1000: APPL es Fs i: L s. HCL; s. alk. 
OL arr, sai oeies 600. sublimes~ || (js... aee v.s SB. ads 
OS teen weaker ants 60. 200 decomp 
OPE Re mai ar tctccre cree) lt aches ener aie oie LePage hee PP teres tal at Na pace s. alk. 
OO enteric ape) iw cle we SER NL 2%, saan, Sec 100. (15°) 
101/ 1.43 BAe wks PAR oo iscaceia ts, Sree 4. 34. s. al. 
BY LIE, oho 5 wht DS) A Pe oe ae 1, 1c i. al. 
LET EA Somune of Aah odes) Siniocsils 18.2 decomp. 
BOL ee) PLO OO. le te nce S gcao Sos tee Saree Wr win etc en sg. al. 
105) 1255 SSG) Ge Noe. hata CTECONTD Ie 2s Si sccnceareee. decomp. 
MOG Rimes tem bteaiss late, ot 100. ; 
107| 3.187 =7.3 63 3.0 
TOS ere enc cise cis WUT on ot paves oetacd Vege 
LOS) Bess 36. Sh rere iets ae Sack ye Racy, Aesth a ae ae Se s. CSe, CHCIs 
110) 8.55-8.67) 315. 860. Seed eerie oe ey s. HNOs:s, HCl 
AGL ee aed eee ember ness Chek vee deal! Ge. cxsraoas% 0 1b i: Ss. a. 
DAES) SATE I Ty eS ee ieee: ata 140. 150. s. al. 
113) 5.99 LSA ee al a ar ens Shs: sl. s s. HCl 
114| 4.79 = StS St RS esti i. ils Sic 
115) 2.955 60. 132 DR es 1s Se ae Smale 
PRG Gre cre een Garey crewed ll <tsosse gee 8 lL. ile 
PNY (NGI). - ay, a eee SRC SE |More ee all ee ee Vv. 
RMS OL MERE RE PEG cok Riok a Ns, ore Goce ase all> de eslecwt eer yee v.93 i. al. 
118} 4.58 Wale CAG oss ae. ose 1, 1 Ss. cone. a. 
LIS ees red heat SUDITMES FT Uy cos. Cas v.58 
2G) Reese Cie Gea Se) Sunsveee «aes s. s. s. al. 
Doli et cee Peepers stats Go| te secane ok ores 102682922) Ive 8: sl. s. al. 
TEN Ae OOD Gl) RO ee eee eee s. NSE 1. al. 
PAB ie Ibo OC ate | MN Dib care toc Bee Ee decomp decomp. decomp. 
124) 3.32 CARTS OE gi ak | ar a V:.-8s Vince 
Ol tee Mem irk cleat 2)" 4 wie saya decomp. 
126| 2.9-2.72 | decomp. at | red heat 0.0018 0.088 s. water cont 
COz 
Ee, 64 29. 200 400. 650. al..13 
EASs erttertiiats Fed heate a. sees 22:2-(0°) | s. 
129) 3.18 See eb ee ae aid vo oe 0.05 sl. s. 
OOM AOM OE. Mac ioiev. Ersialel ows ratte oe ,0.187 (15°)| 0.075 (100°)| i. al. 
IN eS ice PORE RAR aac eee ae s. : 
NS iS ae ean decomp. at ROC NEa Gea he sipetencrs sist « Ss orale 
isa us Shoo" © SS ae eae ee eee 1° ads foals 
134) 1S PRON ee 13IZ decompress ck. ee Vesa S= s. al. 
ISVS Sy ea a Se eo ee decomp. decomp. Ss. water cont. 
: CO2 
136) "23442 100. 200 decomp. 0.1285 0.0787 S. a. 
TREE EE Bi Wt Sea ca ar sl. s. decomp. 
so eee oe eerie ons aro PEN Se is is §. a. 
iL SO ee wetee ce eka reathees. cas. does hil) fac oaosek baa 5 Ss. a. 
140} 2.32 POG HC AGT Bors nos os 0.241 (0°) 0.222 (100°)) 1. al. 
JAN 2s ote = ap OE See engl g- oll een ae decom. ~ 
epee een ie Aah.) bE TRE I nly ciciel cnet t 1. i. 
ge ee MPR: RIA AY rece ccco4 tie. 6 i. i L. 
LAR oe a Be eae AS at ier ae EVOL se ont |RmenMaues ste seh al. 1:3.3 vol. 
(15) 
145} 1.292 —116. 46 ZEMOOO MO elites setae ss gs. al. all prop. 
146} 0.967 D |—207. —190. 30. vol. 
147; 1.629 fluid 77. 
A ESS SR PES Sl (gee Ee a ty ee CO COMAD eran || acess eee oso s. HCl, HNOs 
1A desc UR Re Sl ee eee ee 1. s. (NHs)2CO3 
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Mol Crystalline form 
Name Formula. wt. and color. 
150|Cerium chloride. .... SEC ls sera Men eas 24656" Colorless ean oe 
LS til “dioxideryi seer... Cee: 2 ree oare erat. 172.3 |white powder...... 
PSOE tOxaclee manne eae CesOe srs eee ae 328.5 |gray powder....... 
15S |Chloricacide. are HCI1O3(+7H20)....... PANKUM GH Ponce wesc Siow S & 54.600 
LAC nllonine sess aeneree Loic Pade aeeLe ates ee ee 10.0 | STON. Aakers ee 
155|/Chlorine dioxide..... GQHOtS Sy eS eee 67. red eee ee eee 
156) Ser OMO KIS 110 ences ee ae a nd ER RET WA 86.9 jyellowish red...... 
57 @ romney eee (Olah Sete ARO Paras per 52.1 |rhombohedric, gre;7 
158|Chromium chloride. . Bi Gio 0} foresees ee ree te ne 8 31620 bright red 4-541 
ic 
159|e@ehloride (ous) oe ac | Cr Ole seen: cetera 12320 Siwihites =. 2 emesces sets 
160} hydroxide (ic)..... Cr(OH)6+4HoO.-2 23 51278.3° |Diie ee eno 
161 mituate, Ge). ean ee +9H20...... 400.4 |triclinic, bright red. 
GWAlbe cera EIS mr, gma oe ION mo ese) ade oo coe Pa2e2 hexagonal, green. 
163]. sulphate -Gic)...... Ono); Brice 716.7 |regular, violet..... 
1641 sulphide @c)..9#... C@rasscceseee 200.6 
165 eatrlOxideae mses GROSS. 2S See eee 100.1 rhombic, redo ste 
166 \Gobalttes «tae COS aoe oe 150 We al Pere e kee seh (aS. S Sc 
167|Cobaltic chloride..... CosC sane ee ae DOO 7 hss cohen eee 
168). hydroxide 2... 2 |COnOE ge a tare ee 29051, iblackée <.ce eee: 
GO| cOxiGle ae es eink varnete COSOse ot shee ae he eens 1662.4 |browne eee ar ere 
170 pabalecepaliie CosOie. he ee nee: 128. “regular, black... 2... 
oxide 
1741 Cobaltous carbonate. 4|CoCOsnencn. sae = en 115. |rhombohedric, red. 
i219 <chlondet... s.r. GoCb-nGHcOrw secs 238. |monoclinie, red.... 
173| -cyanide:. = 2) .4.%%}CotGN)s-+-3ELO: 2... [65ST eee ee eee 
174| > higedwoxde: 1,242 |CoM Wey Gates eee O38. os LOSE. ane 
75 Inibrate. 4... ees oe +6H20....-. 291.2 |monoclinic, red 
L7GIE - OxTe es. nck chee | COO see aie hearer 75. | DROW Ie see ree 
Wii phosphatewen = ose CPN: +8H2O...... Bil ..03 eee ase kee 
L7Si> ‘sulphate. =. - as: CoSQ1 +70. 3.5. = 1280-2 rhombic rede 
7 -stulplide tinder. ran COS PEE RE eras es ees Olt leray2iiae eee 
(SOi\ Coppers. were ree ee Ge ek, & bee On eas Be, 63.6 |regular, red....... 
181 voue ammonium CuS0O:+4NH3+H20.. .|246. |rhombic, blue...... 
sulphate. 
USA = mitravel +s elec Cu(NOs3)2 ce. Ne SESE 295.8 |blue crystals....... 
PS Silie euilolia teers pee tac CuSOs pay ah es 249.7 |triclinic, blue...... 
184|Cupric acetate.....:. Cu(CoH302)21:0 Sage oes 199/63 ereen env e eee 
ASSIS bromides ac. sees | CAB Pp oe teeter cae 999) Sal lac keaex. ». sca e sone 
136) xchlonidepe sae dea CuCl a ps oO Pare aie siesce 170.5 |rhombic, blue..... 
1S 7 —hividtOxIde= oon sp me Gu( OED oe. as OF Gal Dlue mecca 
ISS = oxalated Oye ick CuGoOes BoOwee ee 160.58|bluish white ...... 
USO meoxIder see omens Cure ea ie Shee 79.6 |regular and mono- 
clinic, black. 
190| phosphate........ oe aes +3H2O...... 434.9 |rhombic, blue...... 
TON sulphides ems CUS ieee ee. Re tesie coe 95.7 |hexagonal, black... 
192|Cuprous bromide. ...|CusBre.............-- O87 abe ROW oe oer tee 
LOS Chloride wen. eee 50 Ol pee meee ay quire Bhacole 1:98. lcs) wilnkteren re aesere coon 
LOA Gyanideras ope ie Cus(EN ore ete 170: 30 \svinttiowsoassc mca 
195| oxide, monohydrate|4Cu20 +H2O0.......... 59078: yellow ose eee oS 
HOGI = Oxiderte se er ne ge i ie chord 143.2 lregular, red?.....: 
197|.. sulphide: 20.0. 2°. al\CusSe sae oe eee cee 159.3 |rhombic, black..... 
198|Ferric acetate, bas. OH (CoH3O2)2....... 190.9 |amorphous......-- 
199 chloride . Fes yan ee Mes C leery eaeredaeie coe 324.7 |hexagonal, brown or 


black 
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Sp. gr. 
water 1 
; D. alr 1 


1.282 
2.4502 D 
1.5 


eee ee ewe 


see eee ee 


5 vip ses 66 


Ss inl a he s.e 


se eee aee 


Cot ecu eee ir 


ils? sa! /e) ist oro. 


Melting- 
point, 
Deg. C. 


Or Cat yary Clan Liat) 


decomp. 
—102.. 
== PO: 

explodes 


36.5 


aie elie se? siieh oy 


BMC) lor CCC nL) 


1505. 


decomp. at 
decomp. 


150. decomp 


38. 
240. 


240. decomp 
decomp. 


100. 


B pile ated 6 6.6 


whelels 6 6s 018) 


red hrat 


360 decomp. 


Boiling- 
point, 
Deg. C. 


— 33.5 


. at 


oa. iol'e ie) 9,0 v0, le 


wife Wes hal ere 


efuiieye, so, 6: s\\¢ 


100. 


a ee 


decomp. 
decomp. 
red heat 


decomp. 


Wiehe) «| 61) 98) 3 
‘a ceerel pl eee. 


oe eer wees 


ore ree ree 
Cs) CeCe Tc] 
Como tee Go etl 
CC 


ee 


ed 
w)L0) (6 8.0L ei elie .e 
Sec Chom mc) 


Solubility in 100 Parts of 


Cold water. 


sere re ore 


see www ee 


Ce 


Hot water. 


1:1.4, (40°) 


eC 


owe! 8° e: (opie: ci 8: 


Alcohol, acids, 
ete. 


Ss. H2804 
s. conc. H2S04. 
LHe] 


i. al. 


8.2.5) 8. alk, 
s. alk. 
j. al. 


s. HNO: 
‘decom.with al. 
San 


teal. 
t2alk3s. a. 
s. conc. HeSOa 


s. KCN 

Sl. s. ammonia 
al. 200 

j. al. 

i. al. 

Peaks 


62) Ermey (a = he 
ether 


Saas 
s. NH3 
i. al. 


Ss. a. 

ate) IE 

s. NH3 

Snr @lis. Ns 

s. HCl, hot 
HesO4 

s. NH3 

Ss. ammonia 

{. al. 

8. al., a. 

V.n8 als 


HANDBOOK OF CHEMISTRY AND PHYSICS 


PHYSICAL CONSTANTS OF 


Mol. Crystalline form 
Name. Formula. er: and color 
200\— shydroxide <=. xia) al ea Ors. es teens 214.1 |red or brown...... 
ZOE Oxalate bist oe Ben(ChOe) gece sas se ete 315. -AAaMOLp ROURKE ee wee 
202| oxide | Wes Os: econ poe pe ree at 160. — |rhombohedrie, gray 
203 nithabes to) soe Fe2(NOs3)6 +18H20...... 808.6 - |monoclinic.......+ 
204\-~ phosplate ~. 12a. Fee(POs)2+4H20... 2... STAAL yellow: atte = oes 
205\- sulphates a ner Fe2(SO4)3 +9H2O... 2... 562°4--\phomDie wc, 2 ae 
206). -sulpinde.s =. 2 4.5 QOS), earnest ees 2077 IV OOwW. cone ee 
207| sulphocyanate... Fes(CNS)e +6H20 ... 8 568.7 |regular, red or black 
208) Ferrosoferric oxide. |WesOu. ...2.22. 00! 2 232. regular, black. .... 
209 pe oa 4 ammonium | FeSO, (NH4)2S04-+6H20/392.4 |monoclinic........ 
sulphate. 7 
210) sear bonate.cc: o. 6 MeO Ose . eee ae 116. rhombohedric..... 
211} chloride........|FeCle+4H20. -).>.....%0. 199. monoclinic,....... 
212 Saar woe «+ |(Mes)ofFe(CN)e)s........ OOF \ OI i, cones ree 
213] hydroxide.. FEU (IED) 2° een Mertens Rarer a ee 90. white 
214) SNIGPabe noee mee ae 2+6H2O....... DOS ia - Mee cate Bera, eee eee 
PUSS ORIUELS Ys. sd 2s eee ae ee eee en 2s Disektsi2,, +a eae 
216} phosphate...... Sa oT OhtoO ests. 502.2. |monocliniec, blue... . 
Dil sulphates oj. ne HesOu--7 oO nae anaes 278:2 ease green, mono 
clinic 
ZIS| = Sulp mide wae sie CS aie oh sence ais 88.1 |black.... 
ALO lGOrinezace. 2. eae oS aa eee BI a Ra 38. green, yellow...... 
ZZOKG OIG Besa ee oi ee dior hoe ea a ee ee eee 197.2 |regular, yellow.... 
221|Gold< bromide (ous))/AuBr, os 6. cete ee Dele 2h STOO Scie Meet Rees 
222| chloride -auric.  nlAuCly 45 2 eee ee 339.6: -lyellow, red 7. ivga 
223| « Ghioride, aurous tA wClsees ss ce es 232-7" yellow: oo. eee 
224) cyanide, auric. . eee +6HaOn ee va Soe Pe eR Leads 
225\ “cyanide, aurous) 4 AqG Nise ane ae ee 223 24] VOUOW:.. cme tar. emes 
226| hydroxide, auric. AUCOH)s a on AS See 248.2 |yellow, brown..... 
227| hydroxide, aurous|Au(OH)....>.......-.s 214.2-. red; brown :...%; 
228] oxide, auric..... Woh. to eae ee ee 442°A4— blacks. o sb oe ee 
229| oxide, aurous AIO) eee ee Sonn reas 410.4 |brown, black...... 
230 Fletnimm st =! oaete Gets eae pe A Ne 4, we ee Ee eee 
231|Hydrebromic actd:. | Br... ....o..-2-- SLs i ark eat pee ee ee 
232 |Hydrocklaric-acid=< © legesens see eee 36.0) Shstkewt A, ake eee era 
233|\Hydrocyani¢ acid; |HEN- =... 4+... Ae nd 7A fal Wie Se ree ares. Behe be * 
234 lly drofworie acide Hie.) ale eet eee DANS S| Se ie a tre ar 
ASO UPEVGTIOCIC SACK one et Sek | Be) epee eee TL 27 O20 CSS og. See eee 
236|Hydrogen. . Ls ea eR Be traces 4 2 OLG) cones Loe Be Nae nee 
237| Hydrogen peroxide. Fis@e. te = stot eas nee 34. colorless, blue. .... 
238). ‘sulphide; 4... BO Sse Gay saber SAL ate tt ee ea 
239|Lodic acid... EEO gee. Bel Re ee 175.9: jrhombic. \0. 2 keer 
PAN Lodine: oo eee nes Toe cakes on, EVE Sy acon nae 253.8  |black. 
PAL Todtie:ChlOnideran s. |. Clipe ieee is ence 162.3 4] Ten ei ee ee 
DAD|. trichloride... ak TGs coos SO See bec see 233.2 |lyellow crystals 
243 | Iron; Castacim ek sai: fe See vig eae ca ORME) ohne A 56. Ped Ri ee aes IRE os 
DAA Wwrowrht cece ce oe See ey see oe dae eee eee 56. BTOV toe eo ee 
DY WEA Wiest e( ot aR ean ey CHEE HI peated On Mee ern mer cn ce ah 56. PLAN ceca hen cee 
246\Iron carbide....... Bc OP Ue oe Bf ged nates on 104. gray crystals, oe. 
DAT MueCSO ES esas tore Pb ee eee eee 206.9 |gray, regular, white 
248|Lead acetate...... Pb(C2H302)2.8H20...... 37922 ~simonGgehimes .. sees 
2AOI “bromides : face oP es p NMR RANT oie, Ae NA 366.8 |colorless.......... 
250]. carbonate PhCOsss3 cis woe oe eae 26670) SirhomDiexrdqas aoee 
251)" Sehlorides 5 Shic oe POs ete eae De = HP ROTC cs meinen ae 
252) “chromauee «cn 5 PROTO ee wae eee 323. monoclinic, yellow 
253 hydroxides... «ssc. Pees PAO E Se eae, eee 28 
254) «-fodiGe so esinee ol Dies oe en eee eee 160.6 |yellow crystals... . 
PANT eerninneien sare cabs PP ti Os) a8 ints cen eon Dols TEPUIAT cetera ees 
28 
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Solubility in 100 parts of 


Sp. er. Melting- Bolling- 
water 1 point, point, 
D. air } Deg. C. DEEN L. Cold water. | Hot water. 
ZOGIE eck s ole Sl tek anON SIGE: Were ws seth he ik i 
ZOOM hae et krdian tke LOO.decomMp. |) «5.4. Ve Sar ov eMC sc cletete Stele 
pr OL) oR RAF LS Soa ie eI le ace i f 
203| 1.6885 47.2 decomp. s. s. 
PAs AS tees TSS Ae Sa te i. 
PAA AEDS See Ne CSIR LAE an decomp. decomp. 
ZUG ew fe ee decomp. = 
DOS tesa ne lee aie NEE GE Ts) -|\ cca eis ws le Ao 5: VG: 
DOS penetra Nake ete ered ae a eo ib i 
PAGE Aeneas Ges Me eared are ae yee Vv. & 
PANO 8s 7s a0 Naa es ae oh ee oie] i i 
211-1926 — red heat 1400. 130. Wenge 
PACA, aoe Set ean Getomip. |osiin va. 1g em 2 RES le ee cer ar 
Lied | eoeeeena er amllec inte eA SBS w(t wprecee o Shee sl. g. 
DAEs Sel NP eae = coral | ea s. decomp. 
SAUD 2 eR A ORS oon Oe ae is i 
PAIN Races cea Onsite | See eo oc | sana sla e's 1. iE 
217} .1.889 280. decomp. red} 60. 333. 
: heat 
218] 4.84 PEWAHOAG {oc ith lek R 1 i. 
Pi 8 vo 1 293 NB — 233. — 187. decomp. 
ZA Oe OLN Mates her (AS chore cGy" |) Letiemee ieee a fe ww eas alae 
VAM Re cs bs ames Hic in Wem Un |eBa ayia: a Veta Ne He Mee see 
222) 3.9 subl. OR Bee ee ors erie 8. 
PEN AT ee ee GEEOIMP ae | oie erace we decomp decomp. 
eee eee et Dek |S <5, sis-svane aes V.S. V8. 
De eer ae GeCOMPs 4 cases. ches i: 1. 
Dp) SN oh a ea ie GECOMDY. Jee a... ness it i 
Bean tee gc AON RPA DG XC 60 6 (ee s. 
st 9 les Soni eae MUOMECCOMID 2 |) (oaheleracae sco ii 
PPA NES: eo eee ZOO IGECORAD. | vis oo cecane is I 
230| 0.1387 D |—253. 
231| 2.79 D — 87. —68. Vass 5 
232) 0.908 D |—112.5 — &3. S2eon0°) 56. (60°) 
(0°) 
233| 0.6967 —13.8 26.54 S285 D: So a.2 0) 
234| 0.9879 —102. 19.4 Wend Vince 
235| 4.38 D — 55. — 36.7 Vv. 8. ch 
236| 0.0000896| — 257. — 253. 1.93 vol 
237; 1.499 —2. 84. Sel pod MOE AIESS, cious 
Zootal ph Sa —85. —61.8 AST Vin (OOF to ova. (15°), 
239| 4.629 PAOMGCCOMD =| oss. ac ES Vics. 
240} 4.958 114. 3 184. sl. s, sl. s 
Ny ats Bee 25. 101. Mire COCOA cle see oyute 
242) 3.11 ACCOMM Ite ole ys rs.g ene 3. decomp. 
243| 7.—7.6 MONO: SeamrcRli! aha teres hae ie 1. 
DAS ee het UA Ome ee ott Vokes era tees: a. « 2 ite 
245 7.6-7.8 PSO tamer ersirecs scarccs < ile is 
AS rant Ne Mt Phares: pee [Peas «a: hv euke’s i iG 
247/11.25-11.28] 327. 1470. Pasar goes | ee esc lecs 
248) 2.50 iE 280. 45.64 200. 
PATH 6 a on ence Ul bel A eG ah a a Sls: Ss. 
OIG FOS Me | RE Sina slei| els Sore osc 0.00198 |} 1. 
251 5.802 485. 900. 0.74 os 
Pls gsi \eival on MA Soe ee eee Ie eee A i 
DASE ea sees oe MA Spd wey ix ib Pes agenesis: ook Sica: sl. s. 
254| 6.07 375.-383.} 861.-954: 0.081 Onad.5 
255| 4.58 CECONED 2 leiees7 ste. 48. (10°) | 139. (100°) 


Aleohol, acids, 
ete. 


8. &. 
decomp. by al. 


. al.; s.ether 
al. 
re 


. water cont. 
CO2 

s. al. 

dec. by alk. 


ec er eneees 


Ss. aq. reg. 
decomp. by a. 
S..al: 


shal. 
Ale 
s. HNOs 
15 UG) 
HCl 


s. 
8. 


s. al. 
327 vol. in al. 


a. p. al. 


ial be 


Siaik. 2 Si. sa. 


s. alk. 
Leaks Se) Bel 
s. alk. 
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Mol.| Crystalline form 
Name. Formula. wt and color. 
256|Lead oxalate....... Pp@o@i: 3 its Meee eee 2OFO! imate SOR ee ae 
DOM i "OKA C. eet eee Gy) PbOwSte ae 222.9|rhombic, yellow.... 
25S | HOI ac dees eee ()2PbOR eae ee 222.9|hexagonal, red..... 
259| oxychloride...... PDC Pb Oi sees foie ete 500.7 tetragonal SI EN ie: 
200 phosphateln: es je 4d GOs) otraenamtren eared SLO white == ee ee 
26h esesqulOxidesa = ai kOe Os Mewes terrae 461.8}amorphous, yellow.. 
202) Sesiboxides nae eee dP OV Oe Ri gene Se ie ee te ee 429:8 | blackt ees... 
263) esulphatese soe. PHSOmnse ee runate 303. .\rhombic#..4 52, ae 
264 1 culphide- 2 ss he. BOO na eer) te eee 239 |revularieg eee 
260 (Dat hint | eee Titiee te Baste 6 tae Soanmen 3 i Ee Rote Baye >. 
266) Lithium carbonate. .|LisCOs....s.....15...06 TAS wiattGs enon ene eee 
POT chlorides: <s.taones LiGl-2HoORe 2s sae (8.oltetragonal.... 2 ae 
263) ebydrOxide sn eee TiO Liye te kee eeres 2ALF| sacs al 
269] sei nitTate...5 cannes Te Os eee crt nahn tee 69.1/rhombohedric..... . 
DOs BOxIDE, Sees se ates boa ee a er yig) Peete c tier anes 30. whites see. eee 
ZA NEA OMESINING 2 sion eo ALN ee hee Lees nme nege ae 24.4 white... 2; 32 eee 
272|Magnesium bromide MeBr: GLO): au ee ee 292.4|hexagonal......... 
273|° -carbonate..-..2... IM GC Os asters oe totais 84.4|/rhombohedrie and 
: rhombic. © 
274\ = chiorider, 4 eee er MgCh+6H2O0.......... 203.4|monoclinic......... 
21)| hy droxidea pecan. INS (OH) o8ad2 tees ease 58.4|rhombohedric..... . 
2 Ol Mibraben nee. eee Ma(NOs)s HGHBO <4 Se: 256.6/monoclinie, triclinic 
Zi ORIGea bin oe ae eee IVE ROA Ca hewges = Sats face ee AD Alresular 24. eee ee 
278\" sphospaates i ak MeHPO, FEES Os Sack! 246.5|hexagonal......... 
279) pyrophosphate... .|/MgeP207+3H20........ 21 Oi8| eee ee ee een 
280 i7 ssullp hate fa psi se Wis S@ue dO @e sane 246.6 aoe and mono- 
clinic 
231) isalphider aagen..see aN Woh aera Ue oS tr ve cos 5674 browse eae 
282|Manganese......... Minti See gee eee DOT LTAVin Ae ee 
283| carbonate........ MinC Os ayes Nok ee 115. |rhombohedric, white 
Sti chloride: =. setae MnCl 4 AHO Ries oe Lae 198. ear bright 
red. 
Z2SOl PROX ees oe eee IN Ope ees a eee 87. |rhombie, gray...... 
286)" “heptoxideé. .. ..... MnsOpea feces cee 222. black ie 70. aa 
287| hydroxide (ic)..... Mins O>(O)a= sa58 eae 176. |tetragonal, black or 
brown. 
288) | hy droxide:(Gus)s.\.\un(OlL)oe een ae ae 89. | whites... sen 
230 | meanitrates: nee Mn(NOs)2+6H4O0 287.2)/monoclinic, white. . 
290i Oxi erGe) =. Abort heats Hemera, mma 7 158." |tetragonal >. !) 22 : 
291 Nrercuric chloride: be Clay Pe oe eee 271.5 THOM bicra ee 
292\ > “evyanide::.o.c2a.- Eig (ON) pr aiee San ene ee 252‘ 6\tetrazonal, see 
298i “OMe: > eee ae Fg One RAR NE be SIR ere 216:6\réed sae es ae 
294) Sennitraten te See ELSON Os) ieee oe aoe 824.6) s es eee 
295|— ‘sulphates. sane ESS Ouse tvs ter ass eee 296.7 \Whibe = oc). = fcc 
296| sulphate, basic... ‘|HgSO« = Syd bod O We eerie See '790,9l yellow... 4. aaeee ; 
297) Petsulpbidem. a... .n: 18 ich seeenan ce a Aer maar 232.4|rhombohedric, red 
amorphous, black 
298] Mercurous carbonate|HgeCO3................ 464-2 ellowse ree eee 
299s SchlonGewen a. ee 3 C lon ey eeu Sa ee 472.1|rhombic, white..... 
S00). chromate wc.. sede 6.0, bles © rOn wea eee nee eee DLT Qired’. oe tet eee 
SOL Zoxiders = ee: ue PIO ie er eee ee ie 47 lack. eee 
S02 seek ace yates an: Hy>(NOs) Ss rk 252.2|monoclinic......... 
303|Gsulphate. sees HissSOaiare.e 00 Smee eee 497.3|}monoclinic......... 
304|Mereury® .2. 2.5 5.0. Gk Gee ee 2OOG whitest. eee 
305|Molybdenum....... INDO: cee es oe eee O6:; {whites 22 tone canes 
306! chloride (ic)...... IMGCIN i eet ee fee 273. 3iblaclsamie ane e ere 
307| chloride (ous)..... IMO Cloer eae. ce erent imie ENT. G6 2OVeLLOW: tn cme ae 
308] disulphide. -...... OSS cic oar ee eee 160.6|black powder. ..... 
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Solubility in 100 Parts of 


Sp. er. Melting- Boillng- 
. water 1 point, point, 
D. alr 1 Deg. C. Deg. C. Cold water. | Hot water. |Alcohol, acids, 
etc. 
5.025 BUORACCOMD Us sle-silewin OF QOOUSE I eesia as {allisis. HINO: 
9.29 FEGSHCAE sf cle wtoe wos 1. if s. alk. , 
Shy 1D oe SHA SR Reece eae bane hs 6 
Po2e 
re SME EER Pe A aera eee cc DID bathas, Saeeoa alt le. aa Sieusndveng s. alk., HNO3 
tS Se decomp. etter ike i: Pale 
Bes ieee decomp. Erie. | PaecomMDp: decomp. decomp.by alk. 
6.2-6.38 MEGGMCA tem) merce cue c sl. si sl. s. iralerss.- lke 
C225—1 a. red heat sublimes 1. 1 1. ale 
0.59 186. 950. decomp. decomp. decomp. by al. 
Zalel PECNEAUAB See oe es 0.769 (18°) 0.78 ls 
2.036 decomp. white heat 65. 125. Vie Sires 
Pits See red heat Seo RRS el ins) ees 
Aes ORE el AE Roe Sgr ae cs Iles) a et ohecasa, ane 48. PHT bos WaeSenale 
OU Pe ike Bane sere etal eee & Guess Ss. Ss. 
1.743 750. 1100. 1 ee || arctan rae Sara 
Phere. 165. cbc neeruhed Foes Bl Beals 
2.9-3.1 CGO COME Ip teat a rcws spinnin |e mieterere a waster tt ee tebe eeeueaeTs Ss water cont 
CO2 
1.558 GECOMP SS lites ch aktes 365. 558.6 al. 50 
2.34 GECOMND Ss *|> x ietrcronsteress ie if s. NH4Cl 
Ba, she 90. 200. Mie eM sal See aes 
AUN ORO Ur Meee atone tet || a aieoe. sales OOO Fs) es Pk eaters S. a. 
bee pee, 1900. Beas ot ane. SL Ss Seiad eee MLSs Ole 
BAI: ~~ |p eee Eee i. fi: ral. 
1.685 ASSO sie es SON cane 1629 -OS), G71. s. al. 
Pai Fe te: | 5 Siete enn pene eects Ee | ie ear decomp 
(hae OODLE Me dil'ac Ceneecn te es decomp. sl. | decomp Ss. a. 
yey EE rare 07) a) So Rs hs Sass ele 38 i 1. i. al. 
1.913 ‘Sih 3 (Gye Res” lal ee Sn acter 150. 650. Aloo 
4.7-5.02 |390.decomp.| ......... 1. i. 
Cetra eae te teehee os we 3) 70.decomp.| s. decomp. Sere Uete ty eI OF 
Abts Ie ee a Aa ee fn ib Nie 
BU APAS) 7 Se eel pac och a aoc i 1. Sava 
Les 87.5 130. v. 8. v.S s. al. 
Arh Naas GA eect nw sara tibes eis 6 ie 1. 
5.42 260 .—270. 300. Vek (20°) i) 54. al. 33; ether 25 
soft GEGONI is -() eee oes i; 53). al. 5 
1 ie sie) ‘decomp. at red heat | sl. s. sl. 8: coal 
Bud eaepeds 3 decomp. at red heat decomp. to basic salt] s. HNOs 
BPMs re (los, idl eas ccstee AUN far veiley guatetens decomp. to basic salt} |. al. 
CAA Serta teenie t) oe Une daede a etre 1: 2000 1: 600 f,-ale 
Sin donee AICS Se cass sublimes 1 iE Ss. aq. reg. 
3.92 lOndecomp:| 2.27.05 %). f: i. 1. al. 
(Ge on Se ea ee al ee eae Ie fs ial 
une oe decomp ae tae Sey, wl 1. Leak 
8.95 GeCconipee |e) Fae. es AB is foals 
suenacel bates decomp. Ree, outdone “aes 
cette seks OE ee rene eee eee tale Slag decomp. s. hot HeSO4 
13.59 — 39.38 BOT co i 1 s. HNOs, 
H2S04 
9.01 WANICOUNC ATG, costntereseie-c). [busta cote opteia oll thetehs del eiene ots s. HNOs; 
i. HCl 
Cre eee 194. 268. decomp. 
Set re sublimes a Re race a ile yale WC 
5.06 
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Name. Formula. 
309| Molybdenum oxide..|MoOe2................ 
310} phosphoric acid.. .|HsPOs.12Mo0O3-+12H20 
311} tetrasulphide..... WLOSiareee ee a toes 
Ska at rOxiCe ea eee ae NEGO RN ae ea ee 
313] Molybdie acid...... FAeMoQs-+-H30... 6... 
(Ste Nickelithe th: Ge tener Lyte Re Ee see 
315} Nickel chloride. .... INTC] sie Per Si Oe ee, 
SlGlS echionide 2. ae. NiCk+6HeO......... 
307, “hydroxide, Ge): 2 pNic(Ol) sa) 5 eee 
3al8t hydroxide (ous)... |Ni(OH)s-2 3}. 2... ee: 
SLO mitRatecs wee a +6H2O...... 
320} oxide so ede Seanereas LO) ok Apap ie tier tata eee 
321) sesquioxide.. Ac 6 eee on eke) See 
824) Sl pPHAves soe Re NiSOs. . PN 
S252 Sulphate ane NiSO, +6H20.. Laue fies 
324| sulphate. .....:.. NiSO«+7HeO... oe 
329} “sulphide, «2.5... INU TIS se Sets oe ae ice tse oe 
326| Nitric acid. ./.....: HNOs 
S20 | INICFORONe- 52... eae we ND Cie eae te) wean 
$28| Nitrogen dioxide,..7.|(@) NeOs 73.2 .. 45.22. 
O29 eS CORI ths = Se (DMIN@)= Sa Fie ees se 
330} oxide (nitric)..... Ope St ie ee 
Sod] Oxide: (IIETOUS) oe No Opes heer ae eee 
332] pentasulphide. ...|NeSsi ob. oe. es eee 
333] tetrasulphide..... NaS a Gece ot oe ae eas 
Sof Osmium. 20 hemes SUF Scena a ane nieee aeaneanee 
335/Osmium chloride....{OsCl....../......... 
3a0l- “tetromede. ocx (Gc G Yunerenok Frais Wg oo Ss 
DOL OMMCT 5 cone OsO ci ESS a ree 
338|Oxalic acid......... HeCrOu 2HsOee fines 
S09 Oxyeen i. oar (@ ieee Sor imerany oy See pr ee 
S40/Owone se se en. (Qa Par ORE ee, be ee 
Sal Palladium. «3 os: 12 (0 Lgmae Pre aE gi Coes Rr ea. 
a 
342) Palladium chloride. .|PdCle+2H2O......... 
343/Perchloric acid. .... NO IOG > oe eae eee 
344) Periodic acid, ortho.|HslOs.........--.1..- 
345} Phosphorie acid, IEP Og: So Be ee 
meta- 
346 oe Diy eens Ts Os seul Gea aieaee 
SEL sDYEO Veen aan J Filed S51 9) ieee aaa ioe BR yn a 
348 Phawpibers GRIT COM hea tates 4! co Semen es 
349! Phosphorus, fed...» SuRiaces | sag enn ne 
300 (Phosphorus, black. | laste ote eee. saree 
30L|Phosphorous acid’, .-fHslO3. 22. es ee. oe 
352] Phosphorous chloride|PCls... ......-.++--- 
(ic) 
308) chloride: (ous)... 23th Cli. ke oe eee 
304|.. pentasulphide’.. *PeSpe Pea ns fale 
355} pentoxide........ PiOps Sacto ee 
SOOlsa bORIGOs = \uee hme HO git. ok teak eee 
30/7|-~ hydride} phosphine|IPHs.0.4 255-4. 202 
oot ny dridey-flaiid.. ji le aet how m viet dent ceisiany = a 
359| hydride, solid..... Pablo. ae aa eee 
360|Platinie acid, chlor- .|HoPtCls. 20. S22 2.2e: 
361) Platinie chloride.¢. .|PtCh--5H:07 5... 2... 


Mol. 
wt. 


Crystalline form 
and color, 


280.9 


tetragonal, brown. . 
monoclinic, yellow. 


VOHOW «2 see eee 


bide: Sapte ae 


JR CCT Doe tee rete 


monoclinic, green .. 


regular, green pce ‘ 


aie (eo) lauens Sere a 

tetragonal, blue; 
monoclinic, green 

rhombic, green.. 


90.75 hexagonal, black. . 


63.02 


sft je tp, oe!» 0 Jen in ta Ne ed Soil 


bl CLs ik Ae 


oo ejetie ¢ie (a) eos lal (oneal) eee 


regular, colorless... 
amorphous, red 
brown 
rhombohedric...... 
colorless crystals. . . 
yellow crystals..... 


oolorless:. “aie mee - 


wellow =ct ciaws fener 


white, amorphous. . 
amorphous, white. . 


4°"0. nate, ete eT Te we ede Ve ei ce kw. 


iy 
red crystals........ 
monoclinic, red.... 
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_ Solubility in 100 Parts of 


Sp. gr Melting- Boiling- 
water 1 point, point, 
Dain A Deg. C. Deg. C. Gold water | ator water. ee acids, 
OSA ONT Macnee a[ hie. sieve kerard- i i iE 
Settee 104. igmasonudes ul (8s 
ERA Tee al ners Arnall) eldest jenodiers i Srvicka (OsReS 
4.39 red heat sublimes > 0.2 0.104 s. NHs3 
ice, BOSS Reel ec oe ee eee ene Ss: S. Swae 
AA Rea MELE ae Mea LS vos Stace ce oe: «|i a. Ripaqia ele a ‘ahehbll|\ caiacat gua loupe Sa'an 
2.56 SUDIMES Shes S Set sale es S: Ss. Ss. 
= db he CBs elt eS, Bets | ee Ss. S. igs 
eee ans hes Re eee ce Leics ia, tasmators ve i. i §.a.; S. NH3 
Sireeh Cae ete WA Durclis cays sicher aRae ime ne sessile a's, i i. s. NH3; s. a, 
2.065 56.7 136.7 50. Vege Ss. al. 
(VSR ell esate Ae eel hae eee ee Lei ARCS a. of istena.<5.9 s. NHs3- 
4.846 GOCOTERD Fem omens: a oremee chica apa taies yah eae ME ehsee ot ate ates s. HCl 
3.418 PAR taeccks ate Se Ace eee WoW aoe: 627.702): |) deals 
2.031 SS (lames aie A Malet niente wo aeeke 8: S s. NH3 
1.931 ih Gein Othe wilco sarees 106. (20°) | 226. (70°) 
5 GU OLS, OA RIC el MNP eee aera ite Weve, cAseccaebas’ Oe ee 
12530 41.3 86. 
0.00126 |—214. —195. OROZO3 2a eiess. nce i; 
by vol. 
1.49 (0°) |}— 11.5 26. decomp. decomp. 
i49(O2 Nhe kT 5 26. decomp. decomp. 
0.00135 = ee =153'.6 PEP ZORV Os Beall nse eet ieee s. FeSOs sol. 
V527 D* |} =" 99; ae EE) 132 Svok, sl. s 
1.901 10. decomp. fs ude Nila, 8 yk ea sl. s. CS, al 
PP, i lebe explodes NSgee oak i SIRS 5. toe eh Ss. CS2 
22.48 SOO tie Sil) a8 ioreer ase il: 
emetenatommiatcde Se. castors eT |g leccvene cee 16% Vv. Ss s. s. HCl; 8. al 
Reon eee 20, 100. sg. s. s. alk.; s. al. 
Steg 6 S83) lie Ce Re ee ee i: 3 Vea 
1.653 OBA akelaakisioc rae 9 120. Sale 
0.00143 — 230. —181.4 4.1 vol. (0°)] i. 
1.658 D |—270. —119. 0.88 
ial 4! 1900. WAI COcICA Ua ensustavetenseovatss Ai dae hove oes Si “HCl: aes 
HNO3 
i eayaleaae decomp. es dota ace aly Se S s: HCl 
1.78 = 39). 110. expl.| s. ce 
He, ATR ESS UCECOMIDs seca ureeceet (Ss 
eae Ra Tteke te fcceom ale ead coh uhstiavs Ss. 3. 
1.88 40.5 DVS IGECOMP AW eeciens se ewe Va Se sg. al. 
PES eas aioe GEE DDI” face ae eeal We Bis Vv. 8. v.S. 
1.836 44.2 290. i i. 8. CS2 
PL ae Pra RS. ane 290. He ft i. CSe 
aA ae R ae OM peers tetas SF |S gs siierie! atletecia-s t 1 i. CSe 
1, 65°@0°%). 70. 200.decomp.| V. s. an Ge 
aoe 148. sublimes decomp. decomp decomp.; 1. 
C82 
1 (GOLD Wea |b ae Be ee ‘ae decomp. decomp. 8s. CSe 
Seni vere oh 275. 530. decomp. sss tees | Cecomp:, by als 
8s. C&e 
2.387 Su DMMES |. Nass cctavols 1] P ste less ee decomp. 
1.936 22.5 Leake decomp 
1.17 D — 133. — 85. Sipe 12 
1.01 — 10. 30. 
Oboe DC dee er oh 175.decomp.| 1. i 
Laer ch nn RA FSi Chante tee es SRE Te IE See eiee, a iedtibics v.s 
Baecascate decomp. Ba resin oka 3 ae Vis Ss. .al: 
oa 
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Name. . Formula. 
Platinic hydroxide PROM) ae Ghee panes 
ONIGDC 225 Rou iceewcien BGO ie wither ean eee 
SuUlpHIGe sy a cers oe BGS os cis sate are eee Bee 
Platinous chloride...\|shtCli-w-. << eee 
hydroxide........ PE (OR ore te sane ee 
OSIGE? tee oerie nee PEO cca pare Seu ee eee 
sulphide.2 42s seen PES cs se eee ete 
Platinum. ects EP hc fens cie snctn Frans eeehe ees 
PoObtassiiim fe wee eee Ee rb Se ae catia RUS od Re Te 
Potasstum acetate...) CoH3O0.....0c eee 
£20 (0 2 Tecan oP eae 4 Maat KeS04+ Ale(SO4)3+ 24H20O 
aluminate. , WATSON oo oe Cansei tasers 
antimonate....... PES DOSE 5 Ractecet sone eens nee 
BESCUALE Ks cere TENG OaMs Soe ce eee te 
arsenite, sec....... KE PRASOS: ae cicnene ehcuars oe 
DichrOmMAtes, =... ce KGCTHOTS win Genie sae 
DLOMAlCs Oca ce ee TEBPEOS, doc er vei ie oe 
DLOMIGE? Go ene gS 83 2 Resin aru at ie ape 8 coe 
carbonate. prim... |e KttCOscs esc eee eee 
Carbonate; Seer. | Pale hO Ce Osmee getec. oti sv aeecs eran 
ChIOrate< cise he TS OLOS IIE asks tevaneren eee ee 
COVOLIGG scm. sieeee EGE Se Pence aces oe ee 
chromate:........ Ko CLROUE A ena seat eae 
chrome alum...... KeSO4+ Cre(SO4)3+ 24H20 
cobalt nitrite 6KNO2. CO2(NO»)6...... 
CYAWALES 2 fsaeerents AC INO! oie oie taste 
CVADIGES feces | COIN aie oe ieee 
ferricyanide....... Keer (CN ioc a eemehe 
ferrocyanide...... KaFe(CN)6+3H20...... 
gold cyanide (ic) ..| Au(CN)3. K(CN)2+ B20. 
gold cyanide (ous).| AU(CN).K(CN) ....... 
hy@reoxide. <tc 5 8G) 5 AO Phas ee meee ee a 
hypochlorite...... TOMO) Figo tune ee 
Hy POpMOSsSp bite. =.2) eee Oe... oem creas 
HOMAGO a. ove cae oe TEOs es Als ,. 6 ame ie 
FOGG eee cvansane s wack Tepe. coal a onpemeeemeet ce 
magnesium chlor- MgCh+KCI1+6H:0... 
ide 
manganate....... KSMHOL. 22s Eee eee 
TLE ALO Retest ctenccee CIN BS serene scot 
stand CRIGe eS ce ace es FEN OpS 2 aa8 few one ree eee 
OX91Ge racine Ko (C202) | bO.... sea ee 
ORIG Rar chat Naty ens LR) eet) oa Gas ee aS 
perchlorate. ....... DONOR la eee ss aiee 
permanganate... = .-0|\ISMnOm. 2h. pepe 28 
DOLORIGE) hoon eho WC IOP Gear eitietes ald moths ee 
persulphate....... ESOS O asco ieilovaes Sha se alts te tes 
phosphate: (norm:). | KsP Osteo owes sa oes sas 
phosphate.sec.)...)| KeHiPOse. ninse «ern 
phosphate (prim.) POMS PO 4s thcn Moet os eerie 
platinum: chlorides Beetle ae se. nicks ane tek 
(ic) 
platinum chloride ESP UC oar eam tok 
(ous). 
platinum cyanide..| KePt(CN)4+3He20...... 
pyrophosphate. ...| K4P207+3H20O.......... 


384. 


VRAORNNANH OWN 


NW © DNWOR WNOwWNNNOD 


Crystalline form 
and color. 


40 6008 0, 016 0 © ee 
alle 10n.@ke. 910 (0.0 eusre ole 
oe ss) 8) ile ep8e.jeite! «Xs, [ese fe. ie im) 


La ec@ ta: ole axel kelp tel ole ee lleva) 
62105. Se) Lo ye: sha celle) 
$l js/ <0, ote) w, i gl w (6 tes ib. elietale 
a) 6) je fe'e tae 0: ielienbel © isi (ele tanitne 
oe eus Ha pelie ice, @Aeneiw 
e! SiGeiteh8 ,0. 4, 0 e.deneehte, elle! is Ne)ie) le 
fio odie whe cate 
Ce ee 


9 W Jes "ole nie) a, 0) wen Naeeas 


monoclinic 
monoclinic 
monoclinic 
regular 


*..8) (eee. ee) sie 
in e]10) 8) 2 eran e ie 
ee ed 


ed 


rhombic, yellow. ... 
regular, red i 
yellow prisms 
blue needles........ 
regular 
monoclinic, red 
monoclinic, yellow. . 
colorless 
rhombic, colorless... 
rhombohedrie 


fs) ee 9 sae te 


CC MY et er eC SAC et Yar I Jee) Yi uy 


hexaconal.~. 2% eee 
regular 
regular 
hexagonal, colorless . 


*. {6 © 9% s) ee wie) ene 


rhombic, gray, black 
rhombic 


ee Y 


Si ea! 8) aie ae. melee: 


rhombic, black, red. 
VOUOW,ct-eas cues ene 


= Wee © els, 5.6 4 wie 


wee 4.6 0 fee a a oe ue eles a tee 


tetragonal sc. ve ses 
regular, yellow..... 


tetragonal, red 


se eee 


rhombic, yellow.... 


a aj eine) eroyO le eae we el ane 
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ww bd 


mW bd bo 


HANDBOOK OF CHEMISTRY AND PHYSICS 


sete ee 


Si aVele, 0's 


see eee 


see eee 


Sos ene e 


is) a pita’ ie 


ACY 


see eee 


Melting- Bolling- 
point, point, 
Deg. C. Deg. C 
GECONIDA Eh ei os ce artes 
GLE CORR DS doe circ ees es 
decomp. 

he tor pk eee 
62.5 720 

ci eg ae red heat. 


Ciel e eiweeialat il) he, eels othe. s 


decomp. at} red heat 


Reo cater decomp. 
Zao. subl. white 
heat 
GEOCOMP E. “Ihe vc eave at 
POTS Magen Sa chayani ears 
334. decomp. 
790. subl. white 
heat 
REG-MeCaG Ghee sce ene 
LOOM imate Wa Meee lual a ote 
fed heats bs 
‘red heat | subl. white 
heat 

ECO. cles nis AOhue + 
decomp. 

SOU > Oe scarceds idee ic 
AGREES 2 Ni hah pera 
BEGUICRG Is casds ore severe 
pgs aaa decomp. 
Raeeomins sh). > .cy be, 
Cae thee Mie alae 
MCCORMUMI oli) coke oc5 abut 
red heat decomp 
GECOMDS | oa steera's 
Metempy Wis sche sc: 
GECOMIDS +4, |" ses‘ cen 
GECOMP al. os oss 
100. decomp. at 


Solubility in 100 parts of 


Cold water. 


see e were 


i 
decomp. 
188. 
9.5 
Ss. 
ji 
18.87 
Vase 
12.4 (20°) 
6.667 
64.4 


25. (5°) 
109. 

6.25 
32. 


50. 
20. 


sl. s. 


14.3 
200. 


Wie: 
1.667 
6.45 
white heat 
decomp. 
Liv6 


atired heat 


8. 


Hot water. 


Cr ey 


i. 
decomp. 
492. 
357. 
decomp. 
Vises 

75 


59. (59°) 


32- (100°) 
209. 
decomp. 
decomp. 
247. 

Vv. 8. 
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Aleohol, acids, 
ete: 


8.4.3 Ss. KOH 


s. HCl, HNOs 
s. FiCl 
s. HCl 


Lite 

Ss. aq. reg. 
decomp. by al. 
al, 33 


s. al. 4 


1 als 
sl. s. al. 
s. al. 


al. 0.0833 (hot) 


al. 14.28 


s. alk. 
lal 
8. al. 


Vauisnals 

i. al. 

decomp. 

decomp. by 
al. 


ae: WS Toe 
1:42600 al. 


i. al. 


s. al.; Ss. HeaSOg 


Name. Formula. Mol. 
i wt. 
415] Potassium pyrosul-| KeS2O7................ 254.4 
, phate 
416] silver cyanide..... AS(GN) -KHCNi ra ene 199.2 
4A7 |. CSUTCR EC ce. ach tlt HROSI OS... catch csieaaesezetertoee 154.7 
418] silicofluoride...... HOS UP BR Meii chk eerie ele 22057: 
ALO) MSH HAte TOTO A sh <elEKOO OA sr celecoctiene a tenenctare aieme 174.4 
420') sulphate; prima vs 6) ISCHSOd eae eee re sQihors| ee Leo son 
ADT Faulpnides =. ac sae TOS ays, Senate ORES 110.4 
422) -sulphite, norm... .| KeSOs+2HeO........7. 194.4 
23 eel pRlte; Dolmocer: clr escbls Ogham te cakeecnie tease L20n2 
AVA > Saul pnocy anate-w.\e =| ES CANS aegis seseetes cieee eae 97.3 
425] tri-lodide......... SESST Si thi foe oes eae eee eae 419.7 
426] Rubidium!.....:... 2 OR See pe ent ea eA 85.4 
427\' Rubidium: carbonate) RbeCOs & ...... kien sm ook 230.8 
498" schlorides wat. sk n° TRE Cy leete Mae te Ro cece eh agrees 120.9 
429)" “hy dtoxide 2. 25 4. BSAC CONS ee geen sacar 3 102.4 
ASO) NICTAtG ekas 5 sis sieree FREDIN O80 uss. misses etd eee 147.4 
ASME SULP Nate cee sete WIS Oak cnet cre eerste 266.9 
AS DSU GOT es 2 we Pech | OR se ey te rece Bes ence 28.4 
433] Silicon carbide..... SIG Sieh See hee Ore - 40.4 
ASA AS EnlOrniGen cole, ons SUC Lares evnes.cs ee enone ert 170.2 
4351" = aerides. 2 Stee ISI Seek oc eet eee 104.4 
ASGIt: hydrides .ci2'2srcc SUED Sklar nels ei tees ae 32.4 
437|* trichloride. .: 0. 22. Ta C6 earer cine val. catenater et teeeee 269.5 
ASS SIVGise stoves ss eee A ord oe SER Wea te cele raeaNere aan 107.9 
439] Silver arsenate..... SA INS O)a Sse ae late acta nanetota 462.8 
440) arsenite.......... IA PRAS Ost ettsvons: anteMetomebe 446.8 
4A = DEOMUIGE: sires. « eek. P ARIES Salen otis reenter eens 187.9 
AAD Chionides . si. dtkees Ag Cli Soha eer: 143.4 
4ASie CVEMGECS o.s n eae BAN EF (CIN) Ee retscantss_srekeretarene ore 134. 
AAA) AAIOCIGDG at 2. cate ccaenelers Melk ores pric tte ees 234.8 
AAS) nitrates ae « ct. css PEASE OLN Sameer oe DON 
AAG |) VNADTIOCR 7: 52, el ree INEIN Og iste cage teen eee 154. 
AAT a SORIGCS Sirs cla tte KOSOM Se s.< sae eee 231.9 
AAS). DEPORIGEG=50)..8. ec eee PUB OD 25 «eee vs Serer BS aieweree 247.9 
449| phosphate; norm... | AgsPO4. 2... 2... iene ee 418.8 
450) sulphatiens 2 x... AieeS Onn sc tocks. sain s erative 39) gt) 
450 Suiphidey.. cae ss. BiB oS sia she eee ahatera we an eeare 247.9 
452| thiosulphate...... AeeSsOs sek Gsoaiecnces a vitgees S20. 
AS SOCMHMeas-aeiac eae INGUIN Feieiese ee Se a 23.05 
454) Sodium acetate.....| Na(CeH302).3H2O...... PS Gaw 
AB BW BAIS Alas An keene Al2 (SOs) 3. Na2SO4-+ 24H20} 917. 
456|-aluminate.>. °.. Je: iNavAb@ines ) 7 tre ee. 164.3 
457; aluminum chloride.| AleCle+2NacCl.......... 383.9 
458| ammonium phos- NHs4.NaHPO1+4H20...| 209.2 
: phate 

459} antimonate, pyro- .| NazHeSbe07+H20...... 418.1 
460) ~arsenate:s 03.2.3: Na2zHAsOu+ 12H2®......| 402.4 
461 BESenITe Poise cays sls IWapEtASsS@s soba rote A 170.1 
462} bichromate....... NaeCreO7+ 2H2O........ 289.3 
463| borate, Borax..... NaeBs0O7+10H20....... 382.3 
464, bromide.......... NaBri(s2 230) ee eae 1LO3% 
465| carbonate........ NaeCO3+10H2O........ 286.3 
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Crystalline form 
and color. 


ee 


ERs 3 Se 01 be, ww) ols) >, wero mrp, 


TPHOMD I Cixctaccn scare 


fafa Powe tets ene s\is/\e\ oe) ka, Srelie 


ft ecele e's # se elle ws) 6 ia 8’ 2 


2 Wire je) 5) 6 < wee) ee) 0) wile) eo teile ap 
CS esc wee se rage eee we 


2 © ie s.te ie @ 6vere: 6 (6. 970) fale 


regular, yellow..... 
regular, white...... 


hexagonal, yellow... . 


EOMUDIC Tic. eac i. eet 


WHE SO et oe 
tetragonal, white ... 
monoclinic prisms... 
PEP WIAT cae ees 


ee Eays wie) so so, 6) 0 «16 braleke 


ey 
oe % SC Shale © 06 Vier es @! 0 te lee 


triclinic, redein:.+. <6 
monoclinic s.5..00 son 
monocliniGisi. west 
monochniess..5... ee. 
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Sp. gr. 
water 1 
D. air 1 


eC 


ec? 


.523 - 


a Cy 


se eee eee 


eee ee eee 


oe ee ewes 


see ee ewe 
wee ew wee 


ey 


Pash nde «0! 


.52 (16°) 
. 69 

eal 

45 


Melting- 
point, 
Deg. C. 


decomp, 


ee 


1050. ' 


190 decomp. 
161. 
A5. 
38.5 
837. 
red heat 
below red 
heat 


oe tee mete 


et mies at's a: 8,058 


eee eee eee 


ee 


Oat Ve ea ek a a a 


es 
re ee 


320. 
red heat 
(Ae 

34. 


Solubility in 100 parts of 


Boiling- 

point, 

Deg.C: Cold water. 
Ree te et Ci 
Sarees 125 

red heat 0.1265 
' sgublimes 8.5. (0°) 

decomp. | v.S. 
Seen ee Vieise 
AL nea ie 100. 
etree ene Ss. 
area ene V0i8s 
a See ete decomp. 

red heat decomp. 
Pitino ees a 82.9 
he ie ae £8252) 
See ees 20.1 (0°) 
Bere rete tee 42.4 (10°) 
a Lear L 
Reais Pee ee i. 

56.5 decomp. 
= hs decomp. 
— 11.50 i. 

(50 atm.) 

146.-148 decomp. 
white heat | i. 
Ac cueneglar ease ae 
SN Sterne ie 
700. 1. 
Biche Beehecacs i. 
Brakc Se ovanete 1. 
Re gc clins ils 
decomp. 122 (0°) 
red heat 
decomp. sl. s. 

red heat 
Sygate 0.333 
Se ene ifs 
Bile Mugts agaenere i. 

Pree aI T 0.5 
oer eee eee ig 
Se cnceeecnctten sl. s. 

742 decomp 
BRAEE «58.04 26. 
aha een 110. 

EP TEN a Ss. 

red heat 
see en es 16. 
beth esate siese 
SRS soe 28. 
eae ects v. 8. 

400 107. (0°) 
Pa Ota ees 6. 

Rect eraee hoe 

106. 92.8 


Hot water. 


11.76 
43.5 (10°) 


decomp. 
it 


ibe 


1. 


Ce ee 
ed 


decomp. 
200. 

Vv..S. 

S: 


100. 


sl. s. 
Vines 
Wiens 
163. (100°) 
200. 
112. 


539.6 


Alcohol, acids. 
ete. 


s. al. 


v. Ss. HNO3 


a 


. HF; HNOs 
a 


Ss. HNOs 
Ss. HNOs; s. 
NH3 


s. NH3, KCN, 
cone. HCl 

s. NH3, KCN 

sl. s. NHs3, 8. 
cone. KI 


s. NH3 


s. HNO: 

s. HNO:, NH3 
s. alk. and a. 
v. Ss. ammonia 
1. NH3 

s. NH3 
decomp. 

s. al, 


s 
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Name. Formula. 
466|Sodium carbonate... .|NazCOs.............. 
4607) carbonate, prim: :.- (NaHCO os. 225.2% 
468|.(caloraten +.) see NaClOsntn= = seat ianus 
469 chloride Ber egy ae! oe NaCl eee ieee ces 
470) schromate.<.. Gan. t NasCrOg oe Opes 
ATA. Shydroxide: seas a 
“Aid. shy pochlonrite.: ota aaiNaO Cleese aa 
473| hypophosphite ....|NaH»sPO@2+H20...... 
ACA Gn trates ieee ae INGINI@)3 eee ee a 
A CON SMVtHites aot .6 = ee IN GINO yee er ens 
476} oxide. Nias Orit St en ei 
477) per chlorate... .... IN BGO) tee rier mea 
478] permanganate..... IN eh Ena OG Se es 
479\-- phosphate; meta-. - |(NakrOs si. ca eee: 
480) phosphate, norm...|NasPO4+12H20...... 
481) phosphate, prim. ..|NaHePO1+H2O0...... 
482] phosphate, pyro. ..|NasP207+10H2O..... 
483} phosphate, sec. .|NasH’PO4+12H20.... 
484 phosphite. . .|NazHPO3-+5H20. .... 
485] platinum chloride. .|NazPtCls Sen Oy Ona noe 
ASO eoneliea tena ics. eee NaesiOz3.... 
aod). Subpnate.20 o> cir NaeSO.+10H2O...... 
488] sulphate, prim..... NaHSO:+H:20....... 
439) Subp inde: 0). )aae NaeS(+9H20).... 2... 
AGO -<eahobite so ose A: Nz ae Pew Elo OMe Sine 
AQV= peroxide: 2.0.2 ae. RUIN © Dupage on ee esi ta 
492| thiosulphate....... NaoSi0s Sotto @eek yee 
493|Stannic acid......... ELS Sn Ost a teth ce bone 
AOD ChiOvides ~~ ai. Soy 0K@) VARGA eae ne ei co 
AOD) = OXIME. eta net OO g aie). eatin Nemes 
496|Stannic sulphide.....|SnSe. ee 
497|Stanhous chloride. ... SnCh 29020... (aes 
EPR) ORACLE OR nira > <a. eee ee DLO) okeih ey. 5 5 ee. 
499). sulphides... 2: Sipe, tse ko ere 
500|Strontium.......... DLS gere OS oa ome ee 
501/Strontium carbonate. |SrCO3............... 
502) cchlorides S25... ss... : SrCle--6HeOL 22s 
503; hydroxide. . ; SE eee Sere geae 
SOL Anat rates +... ete nee Os)e. : 

DOS) OXIME, |. nears aes SLO remit: th oie 
506} peroxide.......... SOs POO ci: s. ees 
507\- sulphate.o sso. ST SOGar er tnr eee eee 
008 | Sulphur,"amorphous\4158.0... Sa -o ame. «7 
O09) Sulphur octahedral #5 i\Ssie mos + stv. eeeeneeeeseslc 
SLyoulphur, prismatic. i mete «ssi. ee eee eee 
511/Sulphur chloride... .. Sele es ae 
AZ| ClO RIG: Sneha loge teh Ween aig ee 
513]Sulphurie acid, cone. .|H2504(98.5%)........ 
514!Sulphuric acid, an=|FaSOs: 28" soon eS 
: hydrous. 

515|Sulphuric acid, pyro. .|H2Se07.............. 
516|Sulphur subchloride. .|S2Ck............... 
OU NS ETIO RIC ee eee es SOR ire ree meee a eee en 
DLS anhalt sue ee EL Ahan attic te inten 


Crystalline form 
and color. 


ess 
whites.¢ 2 [eee 
hexagonal-. . + eee 
THODRDICH, eames eee 
MOMOCHNLG sa. . ee 
MONOCIMIC see 
rhombohedric...... 
triclinic, red. e-. 2 
monoclinie.::...... 
monoclinic 
MONOCIINICS Eye 
CLYStALS, ce eee 
monoclinic 
white, yellow....... 
monoclinic 
white 


tetragonal, amor- 
phous, white. 


‘hexagonal, yellow... 


triclinic 
regular 


ote, 1s iatetis e) ake hewnye nee 


g 0 be e100 es» tate 


hexagonal 
tetragonal 


Crystals 027 Pers oe 
rhombic 


Sis] 1 6. 0) ves) st eel oy inte ie 


Drowns. oo eee 


erable) .@) Saree, ) Wes .61UEe Is ere 


PTISMAS ys ae. see Ree 
VEHOW: varie ees ; 
white needles....... 


DigWes oliehe, «wile ve sues 
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Sp. gr. 
water 1 
D. air l 
466| 2.5 
467\-2).2 
468] 2.29 
469| 2.13 
470), 2.71 
4AT}| 2243 
BT Drea ests i0s 
APN aera. < 
474|. 2.26 
AT Diecut het. ols 
476) 2.805 
ATW ex crohns. 2 
Le Ger aanc anes 
479| 2.476 
480| 1.62 
481| 2.04 
482} 1.8 
483] 1.525 
ASA os arate 
485| 2.499 
AS Gilickwes Soe cm ee 
487| 1.48 
488; 1.8 
ARO Ae at eh ace 
490} 1.55 
AOE ese: 
492| 1.73 
AGS kori. ates 
494| 2.27 
495) 6.8 
496| 4.5 
497| 2.71 
498| 6.11 
499| 4.97 
500| 2.542 
501] 3.62 
502| 1.603 
503| 1.396 
504) 2.962 
505| 4.75 
SOG lee acn a e.. 
597| 3.71-3.95 
508] 2.046 
509| 2.07 
510| 1.957 
Sitch 62 
SLAs 2 -23eD. 
513] 1.854 
514] 1.842 
515] 1.89 
516] 1.706 
517) 1.954 
§18116.5 


Solubility in 100 parts of 

Melting- Boiling- 

point, point, 

Deg. C. Deg. C. Cold water. | Hot water. |Alcohol, acids, 

cte. 

PR EO et eee AE oC Grats ono g 10 21.4 45. ail, 
GECOMUP saa |b meme ie «Ose. 8. decomp. jabears 
302. decomp. 100. Soo CbZOo i ipserale 
820. white heat 39. 39.5 i. al. 

ME Pat carte fda 8. s. 

BelOWE Cee see Siecle 60. 250. ails 
heat 

Se ge oe | See a a: 

Pe: ceall ahaa eas eatets a. 3 

SENG eo) NR Bina ane pe a ne 80. 200. s. al. 
PANTS ee SUR eens Seon e te ° 83. v.s i. al. 
red heat sublimes decom Dir elisae awe decomp. by al. 
CURE ODM Deere ectecaceerses. oak) Ip nsev'onsnsvehovcetetalee v.S 
OC OUMMB SOM Wars Ss vi ore le oe [Scat eraretene tendo Vass 
Gilidoae Spa Ik hes, eens Is 
BERET Oe ecient Ss 20. s: 

ZO MeCOmM Dp 2 cee «Se s. ee ae eae Tone fal, 
Oe eae DKON 5.4 (0°) 93. leas 
2c SS aed SO aera er | emer r oe 96. i. al. 

OD ee Sbelseens Saree se s. 

Bt 5 hh ale Vetere saat ‘3 ua Wiss v.S. Ss. al 
= es alee Ore pa (ga a a S. S. {. al. 
Se when thie dare ees os 12.16 AND (S42) eal 

SO Ore wpe Selle ate ctestenencvahs Vass Ves: {. al. 
eh oy ie AREAS a, cate eee als Sy s. s. al. 
GECONED Sto sera recans 25. 100. i. al. 

See iat ec cee ie hee cua eee s. decomp. | decomp. 

48. 220.decomp.| 102. (16°) 17d S52 SIM: ald 
ere ose tees as ee eR aE So oe OTe ac 1. HNOs 
—29. 120. s., decomp. s. CSe 

s with mjuch H:O 
Bee Od ah (Sie, fice ay asisck sh-ausuapia ite sea! lene dgene «|| Gen elcen ss Brae 
OULD Mae [arches s.cid sete ete Wh, eee iil day Susy ae Sak 
decomp. 

40. 606. ciolaavala | aly lees eon 9: al. 

decomp. | red heat Neat eal ges AL Seno shares s. NH4Cl 
ROG BEADS. [> is 0sars) etee Hr sat aaa ey Milne RR ohne, ne s. HCl 
800. 1000. decomp. decomp, 
decomp. atjred heat 0.0056 : 3 
854. 100. 44. (0°) 117. (118°) |sal. 4.6 
1H Tee over d ae ee gieneaine DreGuoe) 41. (100°) 

Se OR Be oe Ok a. to 40. (0°) 103. (108°)| sL s. al 
2 Er eae Spe ea ae aie ge 0.35(0°) DAY. 

decomp. | red heat SI.82 
og. ES scaeieall (ete cee 0.0145 (0°) |0.01 (100°) | sl. a.. 
14 Oa oan Nee ne aN i ic i. CSe 
114.-115.| 448.4 ie 1, else ale ecn, 

CS2 

120. 448.4 fe r. Ss. CSe 
a ES rar) te 70.decomp.| decomp. decomp. 

—79. —8. 688. vol. 170. vol. al. 328. vol. 
CROCS ae sony APE NES Sand S. a. p. 

10.5 40. Senden pe So acap: 

SS Eh eaten ts. c ceetayeint anes decomp. decomp. decomp. 
mia ece ate dee 138. s!. decomp. | decomp. s. CS2 

14.8 46. decomp. decomp. 

2300. 
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Mol. Crystalline form 
Name. Formula. a wudteolors 
519) Pantahim:-chiortdes 71 PaCls © os aia seers B58 Bo VelOWAs. sone ere 
520 | sOxIGG ee seer ee RG) 6 Ie dase ene rr cea etn 442. WHITE. ore ee 
521] Tellurium. ........ "NE oie Seer ae, LEIS 12725), feWwilte;, ray. = x so area 
522)" “helluriczacide<. are. HeTeO1+2HeO......... 229) L-\abexagonala. sy. sic cee 
£523] SsOKIDG tele ee TeOs sens cect ers 175. ~ | yellow crystals..... 
524! Tellurous acid...... He Dé Osc. ean reasons Urls White sige aoe 
525i, FORIGe i ae REQ mcceraict © ide aioe aaeaees 159. regular, yellow..... 
2 Ove cba TUT rine eee eee PEL Fa ranteee te Bk eae ae aee eR DOA AL ee A a GR at see 
527) chioride (le) ...2 2-5 Ti Clg A aHeO xs cae senmte ye es ay pee a a ee A a or 
628)" chlorides (ous) 5 fos) ce) Cla erie es ne teens eens 239.6 | regular, white...... 
529)> “hydroxide (Ous) TIO ae os Sra ee DOA Weak cok care a ere 
530] Oxide (le) manne MORE Placa cee sakes) memenwes 456.2 | black, hexagonal.... 
HS) OXIDE MOUS) ears ee: MS Ooo 5 encase ADA ASP DIACK. oo a aren Rae 
532| nitrate (ous) ..... PAIN OS 22h cn 1 Bee eine mene 266-1- | -fhombierv< 4%. eee 
533|-sulphate=(Ousy . 532 Rls Oren, ih coeteces ears 504.2" ThROMDIC hoe ee 
Soe HES LOM e) WVOLEe(@U RE stom Hed NOS socks Gees Sb ockeu ooka.c 440.2 | DLOWN..* oS. on ee 
536) Thorium: nitrate: 2.7) ERCNO3)455 ) ees coe ASO 7 sh Sie ae ee ane 
SSG sORMO cians . ee ee TNO Meek cere eae 264.5 | regular, amorphous, 
white 
ISSAC] Wel BYU eras yee ree aeenen S10 Gres Geant i BES one in rete 2 LIS) Tt owhlters essere ee 
SEAM Dai oltinen eee ae eke 1B Dera Se Sox ae iL Crt eee ASA oraye- 3) laa ead eee 
539| tetrachloride...... 1 KC) eee inert rion esas PSO OTH Reo ete Settee ae 
540) —ORIdO@ so) woe oe ek DIO See, Viger een 80.1 | tetragonal, rhombic. 
541|, Tungsten.......... WV eon ea Seabee eee te aaa 184 tetragonal, gray, 
: white 

542| Tungsten dioxide. Win ce Pehet aca fie terete 216. DLOWNE Stee 
543} hexachloride...... WiGIien One eecre tee CRA ae S9627-H blacks ane aie eee 
544|> ‘trioxide. o..c08. 2 Wiss. esi Salons Saverio 232. rhombic, yeliow.... 
DAS MOA: eae FES Oy nemo tn etn San D3 S U2 la Giese gree ee 
546/-Orany! chlorides), WOsClbn a. eee 341.4. | red, brown... sa 
BAT | om bRAabe cs. ais. teen UO2(NO3)2+6H20...... 592.7 | yellow ecrystals..... 
HAS OVAHAGMIME ae oo. one UE Reena Mere eae 512) \ernyStals:ce eo eee 
549) Vanadium chloride. (| VC. 65 na. cee ee 122.1 | hexagonal, yellow. .. 
550\- sdioklde. 20... Win Ons: wt Sage oa eee, 134.4 | gray powder....... 
551] pentoxide......... PSL iememre mena e Pemba poo k 1824-1 rhombic, reds. <> oes 
562) StrO RIGO en: tee VCO Sie aie oo) eee ere 150.4 black 350 aang ee ee ee 
553) Yttrium oxide...... DGS Bias ce cougar aut eRe eee 226. white crystals...... 
BOLO TMCR Abe sk: eee Y(NOs3)3+6H2O........ 383. Colorless s 3s% 3 x rs ces 
HOO| ZAM Crave ag haree ees eee ELEN SRP een each ke, Sheen OER 65.4 | hexagonal, white.... 
556} Zine carbonate..... ZWNCOs 7 HeOre ik... One 143.4 | rhombohedric...... 
HO || CMOrideies 2G acon VRE) CRN Es 2s Sirens, agentes LBC oR Oe Ae eee eee 
558| hydroxide........ TCO ED os oe te a ee 99.47 |e rHOMpICT 22 ek eee 
HHO eMC AGL eaten e Zn(NO3)2+6H20........ 297.6 t4etragonal>. ~<a 
560i" orthophosphate. «| ZnsCPOs)a.4 2. ees es S86. 22) prisms:.{c 52. oe eee 
HOM cOR GET er croc erste ALO eRe Nerd TRS eas tan. eR Sia alewmGere gaa sceces © seine 
562) > SUlpNAteyo amie. sense ZnSO1+ THO... ees: 287.6 PnOmMpIC es. st. ete 
563) sulphides 422. BOSE CE ae ee OF 5 ah reewlanr. 2c. 2 ote 
564|-Zircontum oxides 0. |>ZrOo "2s =... 122-7--\: tetragonals.). 2am. . 
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Sp. gr. 
water 1 
D. air 1 


519/12 8 D 
520] 7.5 

521| 6.26 
VP) Oe AOD Ore 
WAST errs ere« 
524 ees Aree 2 
§25| 5.9 
526|11.862 
DOM erwyate- cess 
528] 7.02 

D2 Olatace-cecveneur 
530} 5.56 (0°) 
SMa ear chs 
532) 5.55 
533] 6.603 
534] 8. 
SSa|lense skint a 
536| 9.8 

537| 7.29 

538) 3.5 

539| 1.76 
540) 3.9-4.3 
541|19.13 
§42)12.1 

BASU a osc 
544| 7.16 
545/18 .68 
BAG eros. Se six 
547| 2.8 

548} 5.5 

549] 3.23 - 
550} 3.64 

551) 3.35 

552) 4.72 

553) 5.046 
DOS Cero sigakces 
555| 6.86—-7.21 
556| 4.38-4.5 
557| 2.753 
553) 2.877 
14S Ne A Rana . 
560} 3.99 
561] 5.61 

562| 1.95 
563] 3.5 

564| 5.45 


Melting- 
paint, 
Deg. C. 


Sad lezelie eerie 


decomp. 
40. decornp. 
red heat 
296. 
100. decomp. 


COU erate, a 


205. 


ee 
eee eee eee 


a a 


Ce 


275: 
red heat 
white heat 


ee 


Boiling- 
point, 
Deg. C. 


Ge laa sie, 0), 1% 


700.appr. 


PY ec eee) 
exevlee sie. oe 
Bote tote wy 86% 
CC i ed 
Ce ee 
aS .10, 0) aan) site 


ee 


ee ee ewes 


ee ee 


ee eee en ee 


Ce 


a ie 


(nS at ye a Te 


at kee inva ee ley a (8) 


UE CRONCE IeCT MEE 


ERS Ma lip hey is} 161 (9,0 


Pepe mie ate; elk 


io Die %, «af, fe 
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Solubility in 100 parts of 


Cold water. 


decomp. 


Vv. 8S. 

0.265 (16°) 
8. 

i. 

8. 
10.67 (18°) 
4.8 (18°) 

Li: 


er 


seer ee oes 


OC ta TFC We RCI) 


Ca ey 


Caer er eat 


1:100000 
135. 
i. 
ie 


Hot water. |Alcohol, acids, 


ee rd 


ee ry 


508.2 (108°) 
19.3 (100°) 
i 


Ce 


#0 imp) eieiiel.o 


ee ee 


Ce 


sv siete lesa s 
se eee eree 


ee ry 


Cr | 
Sere are CME ny 


eer e, ie, eta 


Char a Ie CAM ye Jur oy 


Sse vake 66) 016 


ete. 
s. al. 
s. KHSO4 
s. H2SO4 


s. HNOs 
i. HCl, al. 
s. HCl 

i. al. 


alk. eS. Be 
s. al. 
s. conc. H2804 


Ss. a. 
s. HCl 


s. HNOs: i. 
HCl, H2eSO4 
Slse-8s: “aes: 
KOH 
s. CSe 
gs. alk. 
Ss. a. 


s. al. 


Vaissvale 
s. HNOs, conc. 
HeSO4 


s. cone. HeSO.4 
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| 
No. Name | Synonyms Formula le 
dal Acetale =e ae. diethylacetal...... CH3-CH eld Aeedhl & sat 
2 | Acet-aldehyde..... ethylaldehyde..... Cis: CMOS 7 enemies 44. 
2 ShnaWtaveNe cel mng- ets ethanamide....... CHs3- COUN) Ses 59.1 
4 Anise sare See phenylacetamide, CeHsNHC2H30...... 1B oak 
antifebrin - 
Bgl ACOLIC ein oie ala | eee ee ae eee CHa Op iia. sare 60. 
6).7 anhydride. 2 os, ee oxide, acetic | (CHsCO)20 102.1 
oxide 
7 | Aceto-acetic acid...| ..... ee eee CHs-CO-CHe2:CO2-H} 102.1 
8| ether............] ethyl acetoacetate. . Cee -CH2-COs- 130.1 
2EL5 
o VAcctones 12 7 Wee dimethylketone....| CHs-CO-CH3....... 58.1 
10 | Aceto-phenone. ...| hypnone, phenyl- | CH3-CO-CeHs....... 120.1 
methylketone 
Tic Acetyicbromidess= ciate epee CHs:CO Brag. 2 123. 
1D en Chilo ric elated See eae teria aioe en dine ett CHG COCR as: <a ae 78.5 
[Sul A ceLylenegemrcsettes ae ees oe ee CH CH Seva ae 268 
14 | Aconitie acid...... equisetic acid...... OsHs(CO2W)s ne mere 3) L74ed 
15: Acridine, St oe ah oe ot eta ek ee aes CoH < © N aS CoH .| 179.1 
6; AccBolein & vseracen belie 5. sets adh tae eee CHy CH-CHO <.3 56. 
1 7alpAcrvliesacid: oe: eerie oan ire enh as oo Cio: CH OO2H (2 aoe 
18 | Aldehyde-ammonia | ammoniated ethylic]| CHs-CH(OH) Nib. . 614 
aldehyde: 
1 Otello Sees ail ates lice en iy toe ae oan eee CHs- CH (OH) -CH2- 88: 1. 
COH 
20s Alizarine. (2 sox: orthodihydroxyan- | CeH4(CO)2CeH2(OH): | 240.1 
thraquinone, diox- 
yanthraquinone 
2) cAd ly alcoholic et pee a ed eee Collse@ henge on. ee 58 ei 
2D 9\ eMOITS &* S epee pet lye ne Oe alee ape Coliss Nig os ae 57.1 
233) cehlorides 28 dare emo eee ed ene hg Gash Chel & ae (BRD 
DAN Creme nik ie oe Grip Clie ei xe cope citer (Crs ol ON p ae Ree ie CFSE 
25 |  ether.. Pe one Sie Ray ce as eee (CH2: CH: CH2)20. 98.1 
26 isoamyl ether. Bea eee Neck ee Sc Bhs: Oe Orblnias tae 128.1 
PA gSOCY ADIde 36 Nn shack Lb bums ee Ene ee re avis! 
287 emmastarcd Olli, ewW le. aa" ln eee te GH: CH: CHeNCS...| 99.1 
20 aA Lidlemes < era ee propine, methyl- CHs- Co CEL rae 40. - 
. acetylene , 
30) SAlummunasTae ha ylecioes es ero ae eae Al (CH:)s. % as eerie sc (OAR 
31> Amino-acetones 2. slack... Sue phot NHeCHe:-CO-CHs...| 73.1 
32 azo-benzene (p.)..| amidoazobenzene, | CeHa(NH2)-NeCeHs..| 197.2 
anilin yellow 
33 benzene-sulphonie!... 22.4.-..05.. 2.0% CeHi-N Ho: SOsH aa) ieee 
acid (o.) 
34 benzene=sulphoniel si. : 4.26 ole ose oe CcoeH4-NH2-SOsH....| 173.2 
acid (m.) : 
35 benzoic acid (o.) .| anthranilic acid. CeHa(N He): COOH...) 137,1 
36 (m.).| benzaminic acid.. CeHa(NH2)-COOH...| 1387.1 


Abbreviations: acet., acetic acid; alk., alkali; anh., anhydrous; c., cold; 
colorl., colorless; dec. or decomp., decomposes; deliq., deliquescent; expl., 
explodes; hex., hexagonal; h., hot; i., insoluble; leaf., leaflets; lg., long. 
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| Crystal- S . Melting-| Boiling- Solubility in 
No.| line form HO <1 point point 
and color C C Water | Alcohol Ether 
1 | fluid SOU a nae fae 105 GaeeelLS. wis. 8. 
2 | fluid OF SOUOr) Ss oe a 20°.8 3. a. DP. Ss. 38. 
3 | hex. 1.14 e SIs 222 Vv. 8. Vv. S. ae 
4 | leaflets. ..| 1.21(4°) 112: 305. i Se Set se A red 
tye ease Mea eons 1,..057(152) Wes 119: 8. a. D 8. 2..0 Soap 
6 | fluid 1 OPS ack Renee aoa TIS AN | aie RP ot (YP ne ee 
7 | fluid a ae oir GECOMMIAGVSKS > Sulla Faas oe 
Salhaeees AEOLGCO awa ot. 181. os ae Sis ies cs tee eI gM 
9 | fluid OD ein eter, ost) 56.3 Ss. 8. 8. 
LOM Pec: e032 20. 200. SPN Meg shh tact ton oe 
Listens eaure eis 81. Gin rem are 
12 | fluid dealt 3) oi peta. se es 50.9 decomp. 
13 | gas 0 .92(air) ERO ree Cell ee 1 AESd Ripa teal gel peer iar aime Ga 
de ee eee ee ee 191. a8 Oe 18: 100 Lee 3. 
Ha eaterore tiie oo. = 58 sts 107. 360. elig: Wiese v.38 
need +sub 
LOu ok a eee © ORS dene a wie 52.4 40:100 | s. Ss. 
A hate ee 1.062 8. 140. Ss acon | see. Pe 
18 | rhombic. . Ser ton 97.2 GeComp: (omer =|" ae mee sl. 8 
19 | syrup EAOKICY ei. | 90.-105.| s. g. s. 
DOa\Predimeedic tas. sn.) 289-290.| subl. 1. 3. Ss. 
21 | fluid 0.8578 97. Ss. a. Dp Ss 
DD EAE cotares |S. epee hs 58. sees Soo ee all atl gee 
23 | fluid (Gets Bie OR ae | Oe a eee 46 Vs Stag FORM pee Pate 
24 | fluid 0283902) 4h Saar. PESO ate SS age meph g) AREA os Be 2. 
THe lee ee 94.3 The Sia ae ck, ee 
LG eee Sate he sere oe bs 120. es SEGA <cstcaaeeer 
27 | fluid 0.794 96.106] sl. s Ss. Sw 
28 | fluid HUSA CL OS ot ae 15037 sl. 8 Se s. 
LS CEES = ss eR eens ee a et ee Bok gets er | serarer SRN eM ee 
DOG MC ee Ga era. oe tone 3 OR ee eae “a 
wo ia Bll areyev = 15S | eee ee 188-189.] ....... vag Seay Sey es cons 
decomp. 
SOE ON a! HiRes [027 aS Sad |e ae eee 8. s. benzol 
leaves 
BB) 5 oy eB iste | CORSE a Sere AE OOIOO RS ees east area eer 
By pile ei Saar Seen e enone (aver Ove 1.68:100} gs. 
Sill sans Sine eae ee ane 2s So? a [ees Sule 3. Ss 
kc) oe eee £595 (42) 173-174.| . gs. h. 8. g. 


- Abbreviations (cont.): mi, meta-; need., needles; n., normal; o., ortho-; 
p., para-; rhomb., rhombic; r., red; sl., slightly; s., soluble; s. a. p., soluble 


in all proportions; 


subl., sublimes; 


tabl., tablets; 


triclinic; v., very; vol., volume; yw., yellow. 
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tetr., tetragonal; 


tricl., 
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36 
37 
38 
39 
40 
41 


Soke Gar oR ey 


Name Synonyms Formula eae 
Amino-benzoic -amidodracylic acid. | CsHa(NH2)-COOH...} 137.1 
acid (p.) 
cinnamic¢ acid CODUS RE ee eee rene N He: CoHs-CeH2CO2H!] 163.1 
(Ca) ao aie ape astatee- NHeCeHsC2H2COoH. .| 163.1 
“ CCS ame eee ee NH2CsHiC2H2COoH. .| 163.1 
phenol (o.)). 4... oxanilin hydro- Cola O FN Hopes a. 109.1. 
chloride i 
el Gc a Ye sees ne Oe arte Me ak ED CeHs-OH-NHe2...... 109.1 
MR (a 18) ie sik See ay / OR ceo lags Str ete (OA SONS EINES I ee. 109.1 
TOY BC ALINCn ata leew thas ae ae C2ooHaz7NOu +3H20...| 511.3 
Amyl acetate. amylacetic ester CHeCOs Cs tue =a ee 130.1 
alcohol, THOTavieit oy at eat ea oe C4H»9:CH2-OH. 88.1 
ACUIVE. chia eek ee eae CH3(C2Hs)CH- CH: OH 88.1 
a secondary RLS tie ik arn) C3sH7CH(OH)-CHs.. 88.1 
a tenbiatyeeeltcs ops Seine cae (CH3)2:C(OH) 1CoH: Be. 4 
chloride, normal..| ...... OO Piece ee BEL TGs pate: Sy ae eee 106.5 
CVA Ca ees ee CAPKODItHNC 45s 4 CaHitGNitee ees ee 97.1 
CURGE oe are Lea ne OL Cem aes eae (Gsiie)2© pee eee 158.2 
PNG palais (CUNO nes aie trimethylethylene..| (CHs)2C :CH-CHs3..| 70.1 
Anais ess seks ce phenylamine, ami- guis oN boss eee 93.1 
dobenzene 
Anisoloseia aes methylphenylether.} CsHs:-O-CHs3........ 108.1 
Anthracene. sets o..- paranaphthalene...} CesH4s-CeHe: CeHa ....| 178.1 
TACTIC Pair 0c ateaeeeecS | Tee ee pyh  ee ae eee a Cchie N= CO: 119.1 
LAtntuhir AOUETLO LENG cae es ee ene (Giiabiinfie  Sacce se oo. 229.1 
A GLnAe ium Olean eit) at neice means CeHa(CO)eCeHa...... 208.1 
Arabinose (1.) pectinose, pectin GiHis (OH CHO ee 150.1 
sugar 
Asparagine (1.)....]| aminosuccinamie C2H3(N He) (CO2H) 132.1 
acid CO-NH2 
Azobenzene....... AZODENZOl m4) os COBEN DGS ois oS 182.2 
AZODENZOICACIO (Os). ep aoe CisHioN2O4....... es rl 
oe rete (CONS Ner corse nts no Rice aaa ene Cis4Hi0N204+4H200...| 279.2 
@ SRG ee 2 ae nee CuHioN20.+#Hi0...| 270.2 
ZOLOMENe a (Ones aia ers eh. cc ene CO RSIDANGR Seales a ao 210.2 
cag Rep ce a UI Wie By ed (Gv oINon ee enanet oe 210.2 
us (29) Teer esa he ah! oh (CO AS ERIN etc a PANS 
INZOKV DED ZENER teceealeiscpeeet ac =o. Ge eae (Celts) oNeO =e aces 198.2 
Beene CIC 4 tan eee nes tse CubioNsOn =e 286.2 
0.) 
IN FOV DCMZOlC ACIG. sey sles wee chee eee CuioNcOs a cea 286.2 
m. 
AZOKY. DEDZOVGsACIG ade cetera ae eee Cato NeOpeta wee 286.2 
Dp. 
Benzal chloride....| benzyl dichloride...| CseHsCHCl.......... LGA. 
Benzalcohol....... benzyl alcohol..... CH SIGISKONn G2 108.1 
Benzaldehyde..... benzoic aldehyde, Celt C OR eee 106.1 
artificial oil of 
almond 
rida et ee Co SS Ne eeu Me a aa Cols Cis Ni Ol eer el 2a 
anti) 
Benzaldoxime (B)-- are eee fare ey GcHe: CHENOA anie tae 
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Crystal- 
line form 
and color 


LIE oc 


No. 


2 |yellowneed. 
3 | long yel- 
low need. 
4 | fine yel- 
low need. 


ela, whet a: elf ey lee 


leaflets 


prisms 


25 


26 | orange, 
mono-clinic 
27 | yellow 
need. 
28 | white, am- 
orphous 
29 | réd, amor- 
phous 
30 | red, pris- 
matic 
31 | orange, 
rhombic 
32 | orange 
need. 
33 | yellow 
rhombic 
need. 
rhombic 
prisms 
blue 
needles. 
yellow 
prisms 


34 
35 


Co NC See ne 


needles 


Solubility in 


Ae point point 
a AS; °C Water | Alcohol | Ether 

eae ESOS 03 (cl Samet NoMa 8. 8. 
Aen cee. PoOS=15O ae. ‘ al. 3. 8. 8. 

ASO eS 8 ites) isso sl. s., S: 8. 
aN oe sat UH LTO. oe eee Sls 8 Vv. 3. vV.8 
CORE ete 170. subl. 13 59(0°)) 12238 Si 
See eRe 120. Soe oeenel eb Se Ss. 
Repo 2 184. subl. TOO CO Dil 220" )n neers ea ee 

decomp : 
yi ae 215, Beer SOO MO.)|pSesnn Tle 
0.857 se 148. The 3. eh 
0.8121(20°) V3.7 rh ‘A pis 
Me Tota in) p are ied Renee ae dpe a, 7) Cota area cy (ae AN Sa ee re 
Oe S308 ies aan 28 118.5 TOSLOO. thease be 
0.814(15°) | -12. 101.8 sl. s. Sate a Petes oe rs 
OF90TS Oo als s22s 106.6 oa 8. - 
OBSGO(2On) aii: pas: 146. gl. 3 3. Ss. 
ORTO94 O83) 2 | Gra ees 176. i oleae Ee 
OROSUT) Blagss ee | 0 SORIWE ere ech, [era ee TN 
1.022(20°) aon 182. 3:100 V.8 Vv. 8 
0.991 5 Bee 155. i 3 gh, 
1.147 DAE 360. A sl. s sl. s 
enna. ee 18. 210-215.| sl. g v.s Bes 
oT aes 170. 446. I. 3. 8 
ea Ds 285. 380. ite sl. s sl. 
rere etic 160. wl Ss 1 a 
1.519(14°) | decomp.} decomp. h.23:100 | sl. s sl. s 
1.20 68. 298. rte s. Ss. 

Dy tee aren |rarseey aes sl. g. cps Fey a 

decomp 
eee ahe at i ion. | decomp.| al. s. sl. s sl. s 
Sten ehh ae ee eee decomp.) sl. s sl. s sl. s 
ok yh ee 55. Ries Se el S. 8. 
SO ae eee 54. af Ee ns s. 8. 
<5 RS re 144. be eens velit sls S. 
Je a 36. decomp.| i. Me i 

Sls: Soh. = | Siete 

PALER EEN, OR Mell easccueine <5 tte sl. 8 sl. s 

nei er are decomp. if ehh one 

240. 

ores) 4 eae ils as aay PS ea ite ented Vane 
1041 (20). ben 206. i 8. 8. 
TE OSS COE) IE ieus sin L79ed 1: 300 S mabye edie Saas 
1.11(20°) 35. 200. sl. s Vas Wo & 

SHOE HERO Ra ne Aer eae ote ee sl. s 
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No Name Synonyms Formula 
“i Benzarnideas ss ete ere eee ee Cel (COUN Fo se. 
J \-Benzanilicken see benzoylanilid...... CeHsCONHCeHs.... . 
Sl Benzenec arise ae benzol, phenyl GG cNes coho ee ee ae 
hydride 
4 hexabromide: oo... ee oe eae ee ae (Oral s ICIP a ee Secuarintes 
5 hexachloride..... Bacon alphahexaq |"ColieClecinc fst-s se 
chloride a : 
6 sulphinie acid) a aia oad eee CelsSOsHe. te 
Z sulphone amid exc | sie oe eee CeHs:SO2-NHe...... 
So “sulphonerehloridenl™ #iee- ae oe eee Coble SOrCl es 
9  sulphomire cides wn eerie ere ete oe CeHs:-SOs3H +H20.... 
10 | Benzidine (p.) sealife NHoe: CoeH4-CeH4: NHe 
phenyl 
1b Benzilt alee dibenzo0vlpe eee CeHsCO-CO-CeHs. . . 
12 | Benzoie acid. ..... phenylformic acid. .| CeHsCOeH.......... 
13 anhydride? 2%... ‘| benzoyl oxide..... (CiH5O)s0= se ee 
14 | Benzophenone ....| diphenylketone....| (CeHs)eCO.......... 
15 Benzoyl- ACCLIC ACTA een wee et eee CeHs-CO-CHe-COoH 
AGS) Saben zoe Acido.) 40 0-a Aee ee ee CeHs:CO-CeHa-CQO2 
H+H:20 
17 a as (RE: ie | Seana eet eee ee CoHs-CO-CeHs- CO2H 
18 = i tae © OYA Pea lane state et ae, Gh Si CoHs:CO-CeHs-COoH 
19 SPOTS os vee lod eat ene ee eae ea Ccltk- COBraanaeetaee 
20 GIN OERMC RIE ei en ci Lae ee CoH COC a nee 
21 OV ADIGGt ang ek VIO, nce PR cat mere CeHs* COGN. eee 
222 MReimz Vileacetasee| 6c icle o2 cae oe CrHi@sHsOs ee 
23 earbinol....: See all St en ee Re ee _| CeHs:-CHe-CH20H... 
24 chlorides, suse. omegachlorotoluene| Ce6Hs:-CHe-Cl....... : 
25 Ovamides cee phenylacetate-acid | CseHsCH2CN........ 
nitrile 
26 |MBlUnGtasee oe. eee: allophanamide.....| NH (CO-NHp)2...... 
27 | 2BormeoleG:)) soe. aes Borneo champhor, | CioHisO............ 
ecamphel 
28 4 CO eae Aina takes 6 ep eee CiohitsOinne 
29 | Bromacetic acid. . .| monobromacctic CH Brsi@ Osha. 
acid 
30"-Bromacetylene oss cin ees ee CoELB Rak ae eens 
Sls SBromiall seein peat yoe: tribromacetalde- CBr3:COH 
hyde 
PAM eh Raieonauustauildina ye Coy) tcc OaN ere came Ten 9 5 ie Be GeHieINo Breas oe 
283 y (Gras sels Se Celie ibis e 
34 s¢ Ae Sorell aa Re te ng 6 Lae beet 
35 | Brombenzamide (o.) ERT ge Ss OES eee CceHs- CONH2Br 
36 a Gn jie eee Ee CcHs-CONH2Br..... 
37 oe (ip) MA ees eee haere CeHa-CONH2Br>.... 
oS 1 Brombenzenec.5 crimes eet aetna CeHE Br: oh sie Bene 


Mol. 


wt. 


121. 
197 
78. 


ee ne em ny eo oo Je on 


bb NY Boe HO 


ee 
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Crystal- 
line form 
and color 


monoclinic 
rhombic 
monoclinic 


yellow 
monoclin- 
ic, need. 
rhombic 
prisms 
rhombic 
prisms 
crystals... 
triclinic, 
need. 
long 
needles 
monoclin. 
leaf.w. 
fluid 
fluid 
tablets 
fluid 


fluid 


needles 

hex. leaf- 
lets : 

hex. leaf- 


crystals 
crystals’ 
rhombic 
white 
needles 
leaflets — 
tablets 


Sp. gr. 
FhG=1 


wiwiteliewe?-s-eyew « 


.570(15°) ° 


057 (16°) 
.034(21°) 
.107(14°) 
-0146(18°) 


waive te ie: et eile ie 


.4958(16°) 


°3195(30°)| Sees 


Melting- 
point 
XE. 


128. 
158-163. 
6. 


212, 
157. 


83. 
149-156. 

14. 

€6. 
122. 

95. 
121.4 

42. 

48. 


104. 
85-87. 


161-162. 


210.5. 
203-204. 
50-51. 


155-156. 


155.3 
189.5 


Boiling- 
point 


290. 
dist. 
80 .36 


subl. 
217-220. 
198.3 


206-208. 
206. 


208 .- 


Solubility in 


decomp. 
decomp. 


paz | tote ee 


251. 
decomp. 


47 


Alcohol | Ether 
S. Ss. 

3. sl. s 

3. 3. 

S. 3s. 

8. S. 
Vierseukl 3. 

g.- 8:0 

3. 3. 

Ss. sg. 

3. 3. 

3. 3. 

s. | 3. 

s. 8. 

Br Re yall Ray 9 ed ae 
5. 8. 

8. ss 

8s. Tetons. ‘Spe 
decomp.| decomp. 
fs Ee en Pe er 
S. s. 

icin POA tied boscutces Lee Leer 
Bees real ms ore ere 
vV.-S vV.S 
v.58 v.38 

Fs aaa) Mi eee? | 
8. 

SOT wanecwe ea: 
Ss. sl.s 

Var San se |) Ses 
s. sl. s 

Ss a6 


LS 
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PHYSICAL CONSTANTS OF 


No. Name Synonyms 
LL /=Brombenzove-acid 4|-s.4.. 6. ae 
(0.) 
2 EE TOmDenZOle a.ClGae | ley eee eee eee 
(m.) 
3) -Brombenzoie, acid. le... ot eee 
(p.) : 
Ay Bromotorm’, fe. 2% tribromomethane, 
methenyl tribro- 
mide 
5 Bromo phenol (Os) 7 |emesee tate eee 
6 se TNs)! salt aer cence eat ce ae 
@ “ Gos) ica Ba ae camer tit 5S ay 2 
coming BIURE: DaKewyepmurne, Sie Nets wet he ees 3 
9 | Butyl alcohol (n.) .|} propylearbinol..... 
10 a “*  (see.) .| methylethylear- 
binol, butylene 
hydrate 
ISL ehwunval ioyconentloK ae A Ml anio cies: a cniscaa ace 
1 Chloride” Gis\ite se alece 2 tee ee oe ee 
PS.) seven es (ms eter ig Glentee ee eetie mene 
14 C@RDETEL . ..Aeeratee ne! Se tetanok. eee 
Ty Butylene: 08 tae: ahs Anes eee air oe 
16) |-Butyniceacid!... 4. propylformic acid, 
ethyl acetic acid 
1174 SUK Rel chia Ke gee ir anal Reena hae Deh Ro ea 
18 animydridés =... +c butyryl oxide...... 
19) Cacodvi: vc 5 4 eee ee ee 
20 | Cacodyliec acid.. x. . dimethylarsenic 
acid 
21 | Cacodyl Oxide epee aie ee ee ae 
22 iC atere: a Cid: ck artes ee oath oe eae aes 
QW3niCafteme: soya theine, methyltheo- 
bromine trimethyl- 
j xanthine 
DAHEE arm DOT eetes anche ed eee ecto 
Jue ana nOoricuciclalnssesiaee et een «eee 
26 BTN VGC e Lan yale eal ews epee eee mere 
27 | Capric acid. ......| caprinic, decylic or 
decoic acid 
28 | Caproic acid. .....; capronic, hexoie or 
pentylformie acid 
29 | Caprylic acid.....: octoic acid. ....%+).. 
30 | Carbanilid.. 29.3. diphenylurea...... 
ol (Oarbon disulphidiess|( t= ne ae ena 
32 hexachloride..... hexachlorethane, 
tetrachlorethyle- 
nedichloride 
33 MOnOKIGEs. oe ae ee ee 
34 Ox VeuTl ola Ger ciel cee ete eer eee ere 
35 SUbOxIGEer we accel No erick Poe 
36 tetrabromides. alin see eee 
ol tetrachloride.....| .. Se an oe ee 


Mol. 
Formula att 
CebaBr: COs. 201. 
CpHaBbr: COs... aso. 201 
@cHuBr- CO oH. 324.5. 201 
GHB ttt 584 ee 252.9 
Ceklabr Obese see 173% 
CehgBriOH = ee inno 
GinaBr OL ae ese 
CH3:-CHe:CHe2-CHs. 58.1 
CH3:-CH2:CHe:CHe (eval 
(OH) s 
(CHs3-CH2)CH(OH) 74.1 
CHs 
CHs3- (CHe)2CHeBr...| 137. 
pierce. oe MODO 
CH3:CH2:CH2:CHe 83.1 
CN 
(COME Oman gic nt 130.1 
CH3s-CH2:-CH : CHe 56.1 
CH3-CHe:-CH2:CO2H} 88.1 
CH3:CHe-CHe-COH.| 72.1 
(GAH Os OR eee 158.1 
(CHs)2As- As: (CHs3)2./ 210.1 
(CH3)eAsO-OH...... bestow 
CCHs)oAS)sOe ss on 226.1 
CoHsO4+3H2O...... 189.1 
CoHi0oN4O2+H20..... DIES 
CiolicO eae ee 152. 1 
CoH9(C2Hs) (CO2H)s. 200% 
CioklisOz oc pees 182.1 
CoHyo(CO2H)........ WPA? 
Cub C Orble tre ween LUGet 
Cres <COaH= ) ie 7 144.1 
CO(NH-CeHs)2...... 21252 
CSis- Ere ea eel eee On 
CrGlenn se ah oe DIOwE 
CO). Sie ee gee 28. 
SR On rere 60.1 
OC CH CORN ree 68. 
GBEDS Ae ie eee eee 331.8 
COA er ot oe 153.8 
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No. 


ns 


Crystal- 
line form a ee 
and color 2 
mMee@les: ea) Fae wighe tive’ c 
MCCHHES ol hei diene bide See 
MICCGlES wakes gate Sa oie 
Leet 1.6606(30°) 
ail a le em ee 
NemitetS: salt fst. ess 
gray 1.840 
crystals 
gas 2.046 
(air =1) 
fluid 0.8242(0°) 
fluid 0.827(0°) 
5 re are 1.2792(20°) 
fluid 1.9074(0°) 
fluid 0.816(15°) 
fluid 0.784(0°).. 
Seen. 1 0.9694(20") 
fluid 0.9107(0°) 
fluid 0.978(12.6°) 
oil 1.+ 
MUOMLDIG.. Shescey nen eee os 
prisms 
eee 1.462(15°) 
TLOMOC Die svuleee sce 2’ 
ic, yw. ; 
fine 1.23(19°) 
needles 
hexagonal | 0.992(15°) 
monoclin. | 1.1938 
leaf. 
rhombic 1.94 
prisms 
EPI CGMS oo we dl Go aw ey. 
needles 
sas a ee 0.9438 
Kea fetsr sil eres oa 
OMSL nee tem anc 
fluid 1 .2598(25°) 
rhombic 2.011 
tablets 
gas 0.9674 
(air =1) 
i SPs 2.104 
tablets |3.42 
Sat, eee 1.608 


———— 


Solubility in 


Water | Alcohol Ether 

s. Via) Se Vie Se 

sl. s v.38 Wir Se 

sl. 8 Vv. 8s v.38 

rte pas aisle hppa Nasties See Se 

Jae ae Eas 

The NS a (6) Fel eee ee 

1 Nee cer the aa s. HCl 

SC oageeinainet Sa 5 Sac i aml ita ote 0d 

ape clisva: pe || sc aepee 

A NA filial? see ere cad ee 

sl. s 3. 3. 

v.8 Ste kak os. |. eee wee 

fete tal eae =) le 2 ee ane 

s. Vase! lec sede 

1 RBPINOKO! Pesto OO os ese. 

(85°) 

sl. s. Ss. S. 

HST BOAN oh POe89. 

sl. s Vi08 v.8s 

sl. s Ss Ss. 

1 Bg Gg on peers ROAR ER or” Rail 

i Be Ne fea eae Ce 

sl. 8. Sie s oe | eee. ees 

O12 100"|"s. 4. p S.a.p 

3.3CC.: ZOCOR re ees aes 
100g. 100cc 

s. sfacp. §.a.p 

cs Cage aes 

sl. s v.93 v.38 


Melting-| Boiling- 
point point 
EC as © 
eye ees Petree 3 dees 

153. 
251. | 
7.6 151).2 

...... |194-195. 
32-33 236-236.5 
63-64 235-236. 
Re Nene alt 
ne Sates 116.9 
pibeetee 99. 

Mes Bodgey’ 105. 
a eee 50. 
AF eee 78. 
a a ene 140.5 
ee a a 2. 

—2. 163. 
eee vilsve 
aes 191-193. 

—6. 170. 

PAD Ves seRiient nia Rise 
—25., 120. 
195. decomp. 
234-5 116.subl. 
175. 205. 
208. decomp. 
220-221.) 270. 
decomp. | 
30. 260-270. 
2. 205. 

—14. 187. 

240. subl. 
—110. 46.2 

USA eee [restate oe 
—211. —190. 
a eee : ¥ ¥ 

92.5 189.5 
-19.5 76.74 


~ 
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PHYSICAL CONSTANTS OF 


Z 


No. Name Synonyms Formula Mol 
wt. 
it) Carbon-stetrarodides = ias rece ee Cleese sas eeanraes 519.9 
Qe Carbomyiirehlonidess: ailiiact ean are eee ee COC)i= tee aan eee 98.9 
3 Carminiciacid.s desea" eae tae eee CirlisO1es a2. 2 ee 382.2 
ACCOM OSR igs te shes cot ahi. oreceaee et ee eee COMO ae es tee os Se 16221 
5 | Cetyl alcohol....:... ethal,: ethol or pal- | CisH3sO............. 242.3 
mityl alcohol 
6:| Chioracetioracidy. I dll 2k ee ee ee CHeCl=CO:H 3 ee 94.5 
7 \\Chior-=acetone 22.) . monochlorated CH3:'CO-CHeCh.«.... - 92.5 
acetone 
8 acetylischloride®. See sent cn chs heen eee CHe=Cl: COCs. = = 1129 
9 acetylenet. 2.8 Seka.” ee nape manent an ColiGly cre aera wett 60.5 
10 anilin (ee) be ahem tors anilin pone ie ee CeEClN Hote eine 12725 
11 CTD) Ra RE ease cree peti Ge Fe CIIN Eline eeronene 12725 
12 t (Gey) Meat na oie seh Ome oe CeHiGl Ne ee 12a 
13 benzamid 6u(Os) =e eon” vice eee ee ClCsHsCONHe...... 155-5 
14 i (0:2 ie caste Salt oe oy yet ecaees ieee een ere CICsHsCONHe. 2... - 15525 
15 + Cea wos eae i Oe a ClCsHzCONHe...:.. Sano 
16 benzene ii 3. ere SO Nea ee ie hae ce Oye) 5 I ORS Se Bae be eee 
iP echykealeohollat2) tec rel cess =e ee ee CH>Cl-CHLOM-. == 80.5 
Ls Chiorhydriné.2. 2.5. chloropropylen- ae kay GHe- 3).110) 95 
glycol (OH) 
19 Chlor-naphthaline (oy SR emg cemen a be oa ae CrhijClas ae eee 162.5 
20 ae PE a Rts Be yaar Croll Cle = ae 162.5 
21 Chlor- nitrobenzene (o.) LO sR CeHa-ClCNOs) 25. Lad 
22 i (Gin) | Mae Seger eater Colla: CYUNO>) aera ibe ees 
aS oe ac (ede Set el Celli iCl(NiOz)=- eee 15 G25 
DA. Chiloralleetes siae : iotooss trichloracetic CClei COU se eee 147.4 
aldehyde 
ads Tiyerater.. sissies trichloraldehyde CCl3-CH(OH):2...>.. 165.4 
hydrate 
2@)\ Chloroform ase. so --. trichloromethane: s-) CHCl: Se. See 119.4 
27.) Cinmamic: acid: 2% ¢. betaphenylacrylic - CeHsCH : CH-COoH: 1148.1 
aci 
28 aldehyde Meteo ee ee ees GsHs;CH > CH: CHO: 13251 
29 | Cinnamyl alcohol. ...| styrone, styrylic or | CseHs-CH: CH-CHe {134.1 
phenylallylic alcohol! OH 
SOal Citra teteir ccs see PERAMIAl sca] ede Corp C HOt nape peal 
SISIN@GRICyACIIee a oe he oxytricarballylic (COoH - ra Ree oi a bball 
acid COoH +H 
S27 |S COnike nem nes Seed eee Ce ees CisH2Os SEO ee es 378.2 
SoumMOOMUNe Wee ee ee conicine, dextro- | CeoblirINt 25k e tae 
alphapropylpiperi-; 2 
dine ' 
SAH COUMANICHACldCOn)paacd meeiers aeicese eae enews OHCs6H4iCH: CH 164.1 
H 
35 oe TANGO etc Se Se aM Rens, FEE OHCceH4CH : CH-CO?'164.1 
30: eC oumarinn: pee eeenene cumarin, tonka- Coc On-<.. ete 146.1 
bean camphor 
Sica OLeatinesce eee methylglycocya- C4sH7N302+H20..... 149.2 
mine 
SSi|. CreAvlnINe weet ate dehydrated creatine} CaH7N30........... Us Sy) 
395'\Creosolesenincie ne homoguaiacol, CH3-OCceH3(CH3)OH |138.1 
homopyrocatechol- : 
monomethylester 
40 Cresol CO haa tenes oe eresylic acid (o:))....5|\CHs-CeHuOH. =... 108.1 ~ 
41 (ii) erase ee ze “= (mi. CHiss' CebuOH ety 
42 Nha TS) Seve eee ee is en Gomiineu me GlehyChshOl2k ey ok: 8.1 
43 |) Crotoniera cid (Gx. hic cscecace eee eee CH3:CH : CH-COeoH. oe 1 
44 sy $F NEY aon hea ane tay oe dae ee CHs3- 86.1 


CH :CH-COeH. 
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ORGANIC COMPOUNDS (Continued) 


Crystal- 
line form 
and color 


regular,red. 


No. 


red 
amorphous 
crystals 


rhombic 
tablets 
fluid 


gas 

fluid 

fluid 

white 
prisms 

long, white 


fluid 
monoclinic 
prisms 
long 
needles 
rhombic 
prisms 


needles 
fluid 


large 
needles 

needles 

rhombic 


monoclinic 
prisms 

monoclinic 
prisms 


fluid — 


crystals 
fluid 
prisms 
needles 


fluid 


Sp. gr. 
H20 =1 


1.525 


ed 


1. 234(6°) 
1.243(0°) 


1.2233 
1.139(15°) 


1.2028 
1.2656(16°) 


1.368(23°) 
1.534 
1.380(20°) 
1.512(20°) 
1.5771(66°) 
1 
1 


.526 
.475(4°) 


.039(23°) 
.033(19°) 


See ee 
w 
w 
= 
iW) 
w 
° 
a 


Melting- 
point 
°C 


142.4 


178.3 


Oli 


=e 
133. 


207-208. 


206. 
67. 


decomp. 


decomp. 


31-31.5 


Boiling- 
point 
2¢ 


decomp. 
Sue 


344.0 
185-187. 
119. 

105-106. 


264-266. 
243. 
235.6 
242. 


96. 


225% 
decomp. 


decomp. 
167. 

decomp. 
291.subl. 


190. 

202.8 
201.8 
LS 2 


172. 


Solubility in 


gl. s. 
sl. s. 


sli: 
bt 26ho) 
g. a. p. 


Alcohol 


Pics 


3. 
s. h. 
8 


Sve asl yee 


Ether 
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No Name Synonyms Formula ae 
TelGrotonvesaldely det secant 4 seers CH3::CH:CH-CHO:.4) 70a 
(a) 
DAC UlsSEMe mee caste isopropylbenzene...| CeHsCH-(CHsa)e..... 120.1 
3 | Cuminic acid F ieanropeee ie CeH4(C3H7)COcoH. ...| 164.1 
aci ; 
4 aldelivigd entre: elmMNInOle sents 2k CeHa- (C3H7)-COH...} 148.1 
5 @wansacevic, HClOe 1c mae innc ese sane CHe CN: COsklass--1) sop 
6 AMIS tes eee ee A OE es WiC INtde wat at inee oe AD 
i" antlicls Sate brie eae aes eee he are CN-NH-CcHs 118.1 
SUC yianiGs acids nice... ei|l-cen ain tc seme desman tae CONE. ao. 2a phe 43.1 
(TR Oxreznnvora ciation onl ene on ne a /) 1 a anes es (COND or eis aU eae 5 Vaea t 
10 bromides ).encee z | aR ee ate eS CNBre: ene eee eee 106 
11 el aiavee (toreew tee reds leon ee RR On aw, GNC USS fier Cle 
123 t@yan=proplonic.-2 lice Neen nee eee CH3-CH(CN)-COcH.| 99.1 
acid (@) 
13/7 \sCyanurics AG ss... al weno. wee ee oe C3N3H303+2H20....} 165.2 
TAS eDecane-e 4 5.7 ea Ghitwanny be wee or CH3: (CH2)sCHs. .... 142.2 
15 Decvlalcohal: seeuht 1. ae ee ee ae CHs3:(CH2)s:CH20H.| 158.2 
gL il DYES ¢ Sirah ays Sar © Ea erin ae Ne NNN oe ES RN ok BEL GOE see 162.1 
li7icl OIBCSIW leew Meera eile eciers Geet reece OHs. CO: CO: CHs.*. 3) — S624 
18 | Diazo-amino- benzeneazoanilin .| CoeHs-No-NH>+CeHs...| 197.2 
benzene 
19 benzeneschlorideé.4| sau (OCIS IRE INDICE er et 140.6 
20 a UCLA Lee alone eee CeHs-Ne:-NOs....... 167.2 
21 se Sulphonic'|| meas aati eee CeHa? NaS@Qs on oss sss 184.2 
acid (o.) 
22 benzene. stl phontes|eits actyceaea neeree CoHaisNeS Oe. oe 184.2 
acid (m.) 
23 benzene'sulphonichieec . eee ieee Celia NosOzewy caer 184.2 
acid (p.) 
24° Dibrom-acetic: acid-tiMerne cuts eke tee CHBre-COsH,...... 2079 
25 benzene fe 1) Eee cai oi aen oe ceria tn co (GEE SU ioc. oe Boke ree 236. 
26. ered OS Oni Wace en a eee eee CsHiBre- es. ee ee 2302 
PAG 4 & Wee By A) G2 le ee Beene eee CeHaBronneas tee PRY 
23) Dire hlor-aeeticeacid si sem... a.e sts elena CHCl: COs Fn. oe 128.9 
29 aceLvlechlori¢len weal memes. sae ate CHCl COC nas ans. 147.4 
30| anthracene (Q)...| ....-.---.-- sees Crag @ le Sat icoe a ae 247. 
31 anilin (2A Ni Easy Ol ices epsnck marion eeeee Sem CoHs-Cle-NHa.. 162. 
32 Cars) ener eae eae Sc, AE era A CeH3- Cle: NH. 162. 
33 seal Co Pa! 9 ka niiegen teal ge ee RES B54 %5°-S OR CeH3- Cle: NHe.. 162. 
34 "Pe (By Dy ae cca a ee a ee ee CoH3-Cle-NHg.. 162. 
35 benzene ‘a ) Rear et Car Re ent sar eae ety = CeHiClh V8 Stowe 146.9 
36 oa helio w ged! taco Myers team ate ColsCla ca: ae aes 146.9 
37 es te vee PRN PRE etek es eet CeHiGle psa eee 146.9 
38 hydrine (1, 3)....| alphapropenyl di- CH2Cl-CH(OH)-CHy 129. 
chlorhydrin Cl 
39 < (2 Bie url oes sas cee eee eh Cl-CH(OH)-CHy2} 129. 
AQ) |. “prapane a2 2) cecil gered oe coe een CHs-OCle:CHs....... 113. 
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Crystal- ‘| Melting-| Boiling- Solubility in 
line form Sp. gr. point point 
No.} and color H20 =1 C C Water | Alcohol | Ether 
ey stop! Ue evek (Ora) amelert. sxiccleeas UOFO Ss sek ee eS ee. ok eee hes 
21! fluid OSS (Or aee le tects 52s 1 8. 8. 
3 | prisms Tee 114. subl. gah. Ss. s. 
Aa ee ee = Oe Oa ts) ls chs 3 eos DEON aimee act ees ~ aS 
Giserystals pee ees 65. decomp.| s. a: s. 
6 | crystals A (aap | ere Fas Solr. se s. 
ePIRECCLLOBS be Wttel ati Roce es ef, ee 2k |S Sag ace 8: 8. 
Riek eee eed AOS) ee tere es pee 8. as ee 
9 | gas 1.804. —34.4 —20.7 450:100 
(Air ==) vol. 
TOpmneealesma. } tei vices. eee Ol: 6ls3 RAR pers nt eesER ER so 
DR Sa CR ae an —5. Wyse S. 8. 8. 
WOME viollOw ce | in Pe. a et L40%de= 2 ee. S. 8. cde 
amor- comp 
phous 
isemonochinie|?1 {768 (0°) = 4 Se. 28. sl. s Sls Stes Seika, eee 
1 ee eee 0.730(20°) |-30 to 1 7e3 eeeeatinael| ae Utes ey. eee ea a 2 Sage 
—32. 
15 | liquid 0.8297 fF Dili lll parks so 8. 
16 jamorphousg| 1.03845 arte ee Ey, Ee Ne ee oy east 
TG 5, CSE >| ae Ra ai Sy (a Pele Bad Waeecae atc a Rec eirers areal te trate, Be 
LRM evellOwea= ebsc tx cia Wate 2 98. expl. ie s. Ss. 
leaflets 
THO) |! rayeveye Were ghia Sac ete 8 Wee ates al ieee eae Ss. sl.s ; 
PXO).1| sie U0 came feaeeeceeeaeic ae OX lee eae otever oe v.38 sl. s lp 
needles 
PAS DRUM C lH came eatgrtee cobalt ie al each || Anerson Waqteotcetead die aos | shale datas 
mass 
22a stedi prisms [P06 Wh. oe GeECOMPs|a.. . - GEGOM Pela deers) eee 
SP OMMEMCCOLCS a aur ARH) s droeal Haske ee Lanes ow Iesen Sales 
60°; dec. 
he 
PD AMIMACE VS UAL Sion Il males crat ears os 48. 232-234.| v.s ‘v.38 v.38 
DOS Mens besa foes 2.003(0°) -1. DES a, Saati dimmuntlt it, eee 
26 | fluid 1.955(19°) i S910) sitet eae ih le Ss. 3. 
27 | monoclinic} 2.22 89. DASE SP | pare ear Soci ed ee Ee tree 
prisms 
OC. ees eae —4, LOO eS Sle tie spesereie nee aka orale irate ore 
©. OY ui), 23 Sica eS a eek apt > Fees rie Fs ce eae ROMEO Scien ann otk Saas Meee siisot a6 ORNS 
ZOU kanoe ayel= oan estes 6 = 0) OU sail recs s. ben- | sl.s sl. 8 
low need. zene 
PilgieWeealess on. |encis% ss ss Go 245. sah Sea se wll Meee ae 
OME Cob petal susie ies cscs ve (eee ah pert RATS apache: Ss. 
needles 
Balai avere(olret a meal Ca RRA led QHD ate Seen me ace Lovet acer 
SA WEMCCGIESE ag fies stele. s9e00 HOOF |. eee Se ip So Rtas tee 
35 | fluid 3278 -14. Le Giege Sale eee’. Gio 5 Gdeislnatee eae 
SO, VAN mone 1.307 -18. 2s os Siete 2 eG 
87 | monoclinic] 1.458(20°) Oe 1b gs. ben- | v.s3 v.s 
leaf. zene 
38 | fluid et Gio es ete. 182. BUSSE oe walle dex Ree oe leecs to danas 
39 | fluid ee ashes teen I iar ees avn (0 ie Ua Ale IR EE 
GOS aes Se eaeeeaes sera CL Oe) ie |i eects ates ES TE I Ea Ai ae eevee ae oom (a a gh 
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No. Name Synonyms Formula as 
11. Diethyleacetic aeid: |< bases (CoHs)2HC-COoH....| 116.1 
Dalie SAWING =< ote xe Sl eo oe ae (Ci Hs)o NE ees 13.4 

eke carbinol is. 4 amyl-aleohol (sec.) : (CoH) s@H@E sn... 88.1 
AS Pietonets > 7 Hens metacetone, propi- | (C2Hs)2CO.......... 86.1 

one, ethylpropionyl 

SPP Orieneuderaya ces Ayr) oss 4 G5 snag edee cs (OH)2CeH3CO2H + 190.1 

acid (2; 3) 2H20 — 

6) “benzoie sicids (24): (se aera Se aaa a oe 208.1 

€ 2 

7 ¥ phi 3 ORAS TH cs ee ree ely i oye (OH)2CéeHsCOoH..... 154.1 

8 eS (SEO eae Ao ee aa ae ee + 181.1 

qgii2 

Oo) benzophenone) (2.4)\¥a5 ae o eee (CsHuO H)2CO Prey fake PilAret 
LOs), benzophenones(3,o) eee, 25 ae eee (CsEaOE) 3 CO Wee 214.1 
11 er eae PR ae ene’ (CoHuOR)3CO Bae 214.1 

4,4 
12 GDimetiny le amine bers lrs ome we ee ee (GiisyoN Ela oon wears 45.1 
13 Sy AUMID OU ees Sey SaaeRee phenyldimethyla- Colts Ni(CH3)r. ceil oie 
mine 
14 anthracene: (@)ii oh seks See ee eee CHs3- CeH3(C2He) 206. 
6H3-CHs. 

5 benzoieacid (Qa u oar ye ae eee (CH3)2Ce6H3-COeoH....) 150.1 
16 3 sees Ac: 9 i Ra mee a ieee Ye (CH3)2eCceH3-COeH...| 150.1 
V7. ue oP RDS Aa ier Ga ae et a pe (CH3)2Ce6H3-COoH...| 150.1 
18 Ms AG) cack Sete ae eal 3 (CH3)2CcHs-COeH...} 150.1 
19 < 25518 (SI ca: Salen oe See ane eed (CH3)2Co6H3-COeH...} 150.1 
20: | Dinitrosbenzene: (02). . hae ee CsHaGNOs)22 cee 168.1 
oA benzene: Ging) ses ie ee eee eee Cella(NOs)e-e eee 168.1 
22 iy (Dae So oe ee ee CeHnQNOo)o= = ee 168.1 
23 phenol: (2, 3)geseg Sie See 6 ce Ce6eH3(NO2)20H...... 184.1 
24 oes (2, ANS 5 seb ere aa) ohh at Sic ergo CoH3(NO2)20H...... 184.1. 
2D A (25. GY Sc eon lene ge th oot ey tae eee CeH3(NO2)20H...... 184.1 
26 woOlWeMes(2; 4) isn ee eto eee CeH3(NO2)2CHs...... 138294 
a7 te (35 4h eC crete | Sei tig CeH3(NOz2)2CHs3...... 182.1 
28 pe (oes Dy Eeeaw unek no ees CeH3(NOo2)eCHz......| 182.1 
29 | Diphenyl amine...| phenylanilin.....-. (CoE ao NE ene 169.1 
30 hydrazine se oan monoamidodiphe- | (CeHs)2N-NHe2...... 184.2 

nylamine hydro- 
chloride 

31 ULCA RI. ee oe earbanilid.........| NH2:-CO«N(CeHs)s. 3.) 212-2 

32.\ Dipropy wearbinoli ae chiseaes- eek yeas (C3) sC HOHE. eae 116i 

33 ketone shine: Duty rome we. aera (Cal7)oCOn vse. ale T4sk 

$4 Dodecane 2,424 aan. clause eee eRe ce DEL OG ee RRA ne LO 

Sos|) Hose as tear tetrabromofluor- CooHlebriOpats asks sk 647.9 

escein 

S6r] Eny.thiciten haere erythroglucin, Cialis(OH)432 5 eee T2250 

phycite 

Kieu MAN eneok roe ee aoe eee Ce Tae ee GH GHeor. saa 30.1 

8 Ether os co sae ely ethyl oxide, ethylic | CoHs-O-C:Hs....... 74.1 
or sulphuric ether 
39 | Ethyl acetate..... acetic ethery i. + «1: CH3-CO2(CeHs)...... 88.1 

40] acetoacetate..... diacetic ether...... eae -CHe:COz: 130.1 

2H5 
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No. 


Crystal- 
line form 
and color 


Sp. gr. 
H20 =1 


Rrlopieh a tw ew fe ea re 


needles 


needles or 
prisms 
needles or 
prisms 
pyramidal 
small needles 


prisms 
prisms 
monoclinic 
prisms 
short needles 
long needles 
monoclinic 
needles 
rhombic 
monoclinic 
needles 
yellow 
needles 
yellow 
tablets 
yellow 
needles 
monoclin- 
ic, long 
need. 
needles 
needles 
monoclinic 
leaf. 
yellow 


needles 


Vowel: 
tricl. need. 
tetrag., 

prisms 
gas 


fluid 


0.8312(0°) 
0.829(0°) 


0.820(20°) 
0.82(20°) 
0.7655(0°) 


1.452(17°) 


1.036 
(A =1) 
.7183(17°) 


o 


0.9238 
1.0282(20°) 


Ether 


ow ehele: ©. 


+ le erwte. 


x fo a) ata 


Melting- Boiling- Solubility in 

point point : 

As: “@ Ee Water | Alcohol 
-15. 190. sl. s a 
eae Oe Ss: S. 

AE Geo: oe ms 
CZdo Tana) eek eee 
Stree 103. 124 

204. decomp.| s. 

204-206.) decomp.| sl. s yes 
ec. 
199-200.| decomp.| s. h. v.s 

Daa r ROS ays) ee ae Ss. Ves 
143-144.) slesanes|Peseee 
162-163. 3. S. 

il Viera ees ie Vie Sau v.8 
a eae 8-9. ae a 

0.5 Ee eat Genet ee 3. 
246. i. 8. 
144. Vs. b S 
TOS Ss ashe ower. Varslec Se eleverslss 
126. 268. v. sl.s s. 
116. re Ha (eon a ow a Sak 
132: 268. slices beat. 8 
IR BANS Jed ee ee sl. s. h 3.8 : 100 
90. 297. rh sl. s. 
T72s subl. Soh =f ote 
TAA 5 Sara he ie sl. s Ss. 
HESS AS se ee sl. 3 3. 
6130833 Se sl. s Ss. 
(AO eRe Eee = fers Ss ls sl. s 
COPSREsG eet 1% 8. 
APA negra edeee sl. s 8. 
54 310. sl.s S. 
44, 220. sl. 8 isle 
MESO) freee cen ene grote laf mse beica| ec sacha Ate 
ae Lay. egos me pee a s. 
Wet t ae 2 144. al ic 

-12. PaCS oa AL eae ar ae dees aah 
Shenae corks aides LEA V. Glass. | 8: 

126. 330. Vv. 8 sl. s 
—-171.4 | -85.4 46: 100 

749mm) vol. 

—112.6 34.97 | sl. s S..&. p 
—82 AS 7.8:100 | s. a. p. 
—80. 181. hee ee ieee eee, 
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Z, 
o 


ON OOPWNHH 


Name 


Ethyl acetylene.... 
aleohol 
amine 


nie fea 


butyrate 
carbonate 


chloride 


cinnamate....... 
cyanide 


HOLME LOE Roe Rae 
hydrazine: a oe. 
hydroxylamine... 
Iodide |W ek fee 
isocyanate....... 
isocyanide 
malonate. .:..... 
mereaptan’. .....-. 
mustard oil 
nitrate 
nitrite 
oxalate 
phosphate 
propionate....... 
Balieylates. 1,0. 
succinate 
BulpMate ow... » se. 


sulphide 
sulphonic acid... . 
sulphuric acid.... 
urea 


bromides iss e soe 
chloride 


nitrate 
nitrate nitrite.... 


Synonyms Formula Mol 
- wt 
ithe CMS ee eS ConsOoF 26 Oe noe oe: 
PR tak MOPAR eee pile Race Os bya ene Sere ea eT) 
RET cet tees Cob Niles, ee et 
benzoic Siers CeHs-COe2(CeoHs)...... 150 
Ete a en Ben ata (CoHs)3BO3..2... : 2 146 
mononbromethane, | C2HsBr............. 109 
hydrobromic ether 
butyric ether...... CsH7z-COe2(CeHs)..... 11631 
carbonic or diethyl-| CO(C2HsO0)2......... 118.1 
carbonic ether 
monochlorethane, CoHECl tir c= 3 2oeah acaee: 64.5 
kelene 
cinnamic ether. ...| Ce6Hs-C2H2CO2-Ce2Hs.| 176.1 
propoinitrile, De GING! eke eceee e SDL 
hydrocyanic ether 
Seer ae ens Sac UP (Cols) sSonm ro epee eee 
formic ether....... Ops @obiswan oe ee 74.1 
Bote SOROS ee ae ere ee CoHs>NH-NHe......| 60.1 
Bee hs eT ean NHAz(CabOly ee elem OleaE 
hydriodic ether, SEL EL Seek Ce hows 156. 
monolodoethane 
Sede autvore tea ree CNO: Cols 22. aol 
ethylearbylamine. .| Co-Hs-NC.......... aya | 
malonic ether..... (C2H5)2-CsH2O4..... 160.1 
SES AIM 75 8 Bay Ot OTE si rac oe i etal OES 
ethyl thiocarbimide | C2Hs-NCS.......... 87.1 
mitriczethenr: ~2.saer CoHs-NOz..... gic, Sheet 
nitrous ether...... C2H;s-ONO Dat 
oxalicsethens. soe (C2Hs)2-CoO4........ 146.1 
A et See mere 21-1 2HEa POR. sao locee 
propionic ether. ...} C2Hs-CO2:CoHs..... 102.1 
salicylic ether. .... HOCc6Hs:-COe2-CeoHs-..| 166.1 
succinic ether. .... CiHjO1(@2Hs) on 42 174.1 
Pathos eee SO2(O-CeHs)2........| 154.2 
diethyl sulphide CoHs-S-'CoHs..: sake 90.2 
foc eset Gute nate Ae aS CoH Oo: OE. oo Oe 
Be cee CRE eo Gokty HiSOseen. atreen lel cOed 
See ts Seay Scheer CO:-NHe: NH(C2Hs) 88.1 
ethene, olefiant gas.| CH2:CHe.......... 28. 
dibromethane..... GSBU Brea See 188. 
dichlorethane, Cools sh eee aie 98.9 
Dutch liquid 
SAP de eee ets ek +H20.. 78.2 
ane a eee ee C2Ha( =o See a Oe 
Bets cehte aia tte oa NO:: CHe. GH: NOs. .| 136.1 
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No. 


Crystal- 


Melting-| Boiling- 


Solubility in 


: Sp. gr. 5 
line form & point point 
and color H20 =1 AG te 
a Water | Alcohol | Ether 

1GNOIEG pa let peer pages pes River aye 18. eer RAS Cp aeaee 
fluid 0.8002(0°) | -112 78.4 Sora. sew ees Ss. a. p. 
fluid 0.696 ete ated Sua Dal al Suiae Sa ps 
fluid SMO (aeet | O ctk aye 21354 Sl3 Swherlise 8. 
35 eee 0.887 3 ae Oe Set HENS AN Ka ORT Wel are cad Saenree 
fluid aT Oe Nie Set lanier as 38.4 sl. s San Pane Sas De 
fluid 0.902 119. 0.5: 100) s. s. 
fluid 0.978(20°) 125.8 1. Soe pp relioy gone eee 
fluid O92 295 CLD rae s a: 19.5 22100 sha. ps (6a. De 
So eee 1.066 27 ile. es ste ies ae iewor 
2 ga ae 0.801(0°) Soe kee 98. Ss. Bes brian 
Rees cc ORO 2 (OWL) alasea note daa mlo: - VS Ley Ges there ie mlicosh Sek eee 
ns See ae 0.938 - Sok nats 54.4 Mss 100863 a: pe vias a. D: 
RRM Fes | oo eck te 100. V. 8. V2.8: s. 
ics Meee 0 .88(7.5°) 58. Ss. a. p Sra). aise aap: 
fluid 1.944(15°) C202, sl. s. S. 3. 
2 bau aaelipees 0.8981 As 60. i Br ice a) ear Pe 
ok esl ae See 0.7591 —60. (?) (Moser sy 8. 
DUNE Fer a 1.061 —49.8 198. eh aaah | WIR eek An are 
Le eee 0.835 —144, 36.2 a OO tse atone 
fluid EO COR a laste srs L331: i. 8. 3. 
oS eee Tag (l5=) 86.3 Ae 3. MER Pes 
i 0.9(15°) Tis saa hee at Arak Boe 
fluid TOO 3 (QO Me ctx spon 186. eH Ca a St 87s 
ees on nae 1.072 Dy decomp.| 8. s. 

3 OG eas ates |B iege cs lss = 98.8 sl. s. Sy depos aek Dy 
5 nae 1.184 Dee hh ees ne ee Sr lh ky eC a ey MRR ECE, 
BT tee 5 1.046 —21. QIG.5 i sl. s. i 
Bers Se oine a 1.184 ee s 208. 1. Geconip.| . sake 
fluid 0.8367 92. 1 Bee 
CIRVUGHICE ? 2 los. a Shes oe pect tye WA al Lao Vv. 8. Bae te Viet A ae 
Se aa 316(16°) See accom p.|.8- 8. 
SB ARN AA ae ool rar tae 92. decomp.| 8. . g. kent ae 
gas 0.978 —160. -103. Ts Svols e231 PEA | 

(Air =1) 

Reece: 2.178(20°) OF De lelioes si 8. SMe f 
fluid NG hereon aie oe aE Fe Meee 83.5 if (Py ld a areas 
Sr eee 0297 d~) LO} 116. 8. Pa ere poorest eee 
fluid DEA fi ree ombladey atey. Soon: GECOMMPE | tse Meh cia Do (St dae 
oil ABIDE § SSSI DS 5 Shae Fal cee a Rae ieae Ne pee ge eR lee ice ges os 
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No. Name Synonyms Formula ee 
1.|. Ethylene nitrite. 96/| > bees eee eee Cs CN Os)o> nee See 120. b 
2s S OkIde nae. PRE ee oe earn cee GEOG tiers aie 44. 
3°). Huealyptols 2: CIMEOle Bac eres eer CioHisOe 7 be ee 154 .2° 
4 Men Oleg ae nce eugenic or caryo- | CeH3(O0H)(OCHs) 164.1 

phyllic acid, para- CH2:-CH :CH2 
oxymetameth- 
oxyallylbenzene 
_5| Fluorescein. ......] resorcinolphtalein, | CooHiOs............ Sale 
tetraoxyphtalo- 
phenome kde 
6:/eFluoroform., 4.422 olen Saea aeeeee COE a 3m eee Be net eae as 
7) Hormic acid... 76. methanoicracid nip C Opies a eee 46. 
8 | Formaldehyde.....| oxymethylene..... PCH OE ea ata eae SOne 
Ol OH EUetOSe aches eae levulose, fruit sugar | CeHisOs............. 180.1 
10) cH ulminie acid)... = slic vn eeeCeme ee OsHsNoOoe sal yee 86.1 
11 | Fumarie acid...... allomaleic acid.....}| COsH-CH:CH-COcH]| 116. 
12) |S urtural cee o furfuraldehyde, ar-| CaH30-COH ....... 96 
tificial oil of ants 
13 | Galactose (d.)..... lactogluctose...... @elisOsiiee sates ee 180.1 
14 | Gallic acid (3, 4, 5). tebe eee Call(O)s: COoH + 188.1 
acl 
15") Geraniol: 23 pecsew| | shoo eae eI eRe te CaO les OA erie roe eae 154.2 
16 | Gluconic acid..... dextronic, maltonic CHE) «COs aera. 196.1 
or pentahydroxy- 
caproic acid 
M7aleGiucose (ds) te. dextrose, grape CeHwOs6+H20....... 198.1 
- sugar ~ : F 
18 | Glutaric acid...... normal pyrotar- (CHz2)3(COzH)2....... 132 4 
taric acid : 
19 | Glyceric acid...... dioxypropionic acid eee ee CH(OH) 106.1 

20 aldehydes ¢).fe52 0 ul o cee ake eee orn as CH2O0H-CHOH-COH| 90.1 

21+) Glycerine, =... 3.5. % glycyl or propenyl | CsHs(OH)s3.......... 92.1 

alcohol = 

22 mononitrate..... nitroglycerine C3sHs(OH)2(ONOz)...} 187.1 

(@ mono-) mat 

23) actrimitrates == ee: nitroglycerine (tri-) | CsHs(ONOs)3........ 227.2 

24 | Glycocholic acid...| cholic acid........ CosHaNOc....... ...| 465.4 

201 GiVeocell . -<aee o elegy aminoacetic | NHeCHeCOoH....... OBE 

aci 

ZOMG COCEN ts See Daa ee (CeHaoOs aus een eee 16221 

dl aler VCO lecrwayaeensyc tains ethylene glycol. ;...) CoHa(OH)e.......... 62.1 

28 | Glycollic acid... .. oxyacetic acid..... CHe-OH-COcH...... 163 

29 GAYCONITG, <5) fobs ceo Be: linn ood Oates titn. Laces GobOse a sa)5 eee 58. 

30°); Gly eol-ureaes Cecis ole eon ck ee ee CsHaNeOs- ee chee 100.1 

ole GlyOxal®, ocr es ee ee CHO2CHO Saas dae 58. 

32: Gly oxime: soto ta cena eee eee (CH:NOH)(CH:NOH)| 88.1 

Oe) ||s GUIRIACOL ean monomethylcate- CeHu(OH) OCHS... 27: 124.1 

chol 

o4 | Guanine ans... sos imidoxanthine..... Celis Nis@rierce ny eee 151.1 

35 | Heptane (n.)..... heptyl hydride, me- | CH3- (CHz)s-CH3....| 100.2 

thyl hexane, di- 
propylmethane 

36 PT) vane ARR ee dimethyldiethyl- (CHs3)2-C-(CeHs)2....| 100.2 

methane 

37 RE hat toy ee triethylmethane. ..| CH-(Ce2Hs)3......... 100.2 

SES eee, Geers ethyl-amyl........ CH(CHp)>- CH(CHs)2} 100.2 
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i: 


Crystal- Melting-| Boiling- ReLaAR Kaen 
No.| line form aS a point point pebiiey Je 
and color nee i °C Water | Alcohol | Ether 
SMO ISTOSay ee Ns eee ee Ws ae 97, 1. Se 8. if 
2 | fluid OZS90COn penitence a 1355 Wetter v.38 v.s 
a eete ees, o 0.92 — LG. GECOMIpsts all eee 
4 | fluid LOCO On rah arose: PGMS sl. s. S. 8. 
5 | red crys- decomp:|...:.... sl. s Sea Ss. 
tals 
Ge recente mares eran a ee Eat ek ZO ECAC PE Nee ase lame ee eee came a 
; atm.) 
Pe cic che eee 1. 2448(0?) - 8.6 100.8 SBP: ae 
8 | gas TO Gar =1) 5-92": Sole S. She hab hr ate ee 
SH Se spi 8 ee |e Ma 95. 100. de- | s. ee ea os Ree ee 
comp 
LOEe< meee ee se erated aver yant afer esemetemonets Ue vs are, is parayatiaar|)4 Bernt aN Vis 
11 | prisms, sl. s S. s. 
need. leaf. 
12 | fluid PEGS CG hripK as oth 162. Ley: s. s. 
eauerbonibies Fb 2 ED are on a ye sl. s. Sorts ia ase aie mace ome 
14 | triclinic 1.70(4°) 222. decomp.| 33:100h.| s s. 
need. 
15 | -.2...-..| 0.8829(15%)| -15. 229-230.| i. guabp.® |s.8. p 
16 | syrup a en! yet ite | fewer: lteVies Se 1) “a cage i eg 
17 | microscop-| 1.56(11°) | 146. ete LOR ae 50 east Le ae 
, ic tabl. (18°) 
Tesh ech lg a A 91. 299. ibe sa Ss. 8. 
QR TG Nas RP aie Mr gece a Ss. a.p S. a. p itz 
20 RR cg REE ty Wate 138. heware cog eos v. sliis. a v. slis 
21 | rhombic 1.26(20°) ieee 290. S. Sc i. 
Pa etter occ is 1.40 58. DOOR a OMLOOFIG emer tani < dx. cee 
: (15 mm.) 
ZR as ees Coe al aS AE 12.2 260 expl.| 0.16:100} s. Ss. 
24 | needles ce ee sy Soceere | ann ie 3. 3 2100) s. sl. s 
25 | monoclinic} 1.1607 B23 Cotmeye She Bore LOO Rie etre themes beans 
ao ataorpuous| «0, .... 03; 240. Vv. 8 s 
powder appr 
27 | fluid 1,25(0°) ee eth 197.5 So ae Saabs Geren cris. c 
28 ee iilics OP ioe clk Fes Fe 1S. decomp.| s.a.p. |8.a.p. | s8.a.p 
eaf. 
Pea LOWOT of a kati 86. Spee SOR. SEM 2 ANE Me alae Sait 
Sth 
BUR eedles’ ss | tao) bn a) ek 216. s. oT AR al aot eas 
PAMorphous|.! aol. 22 15. v.8 ving Si 
decomp 
SouebAOleLs a2 Ww Ta aoe as 178. subl. 8. 8. 3. 
33 | rhombic Ak, 31-32. 205. sl. s Ss. Ss. 
prisms 
S4 WAINOLDHOUS|: sacs 5 . oes ICCOMAD EL cosines 3 Vasle Sal Ve Slaet ea via Sloss 
powder 
35 | fluid ORI CIGS)E readin Oe OT Oi one alae so 8. 
36 | fluid (CORA ZEIECOL ar Areas acales RG (iain pecheeee a ees s. S. 
37 | fluid 0.689(27°) 96. s. 8. 
38 | fluid 0.6833(18°) 90.5 Ss S. 
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No. Name Synonyms Formula ea 
1) Hrexabrom_ethane:.. tan cacteee ce ree C@Br3~ Cites cane aoa 403 .& 
2" exaehl orsbenZzenenteeiscs ee').e) ee Gee ee Cp Gleress sae eo eee 284.7 
3 ethaness oan ace csrs carbon hexachloride, CeCls............... 236.7 
Ao Hexahydroxy,ben-s |) a sean eee eeende te Cx(OlEb Gets eee 174.1 

zene 
So sbblexametnyl bem=— ii) tte ake meee nee Co(CHe\e= 5 ee aaa 162,52 
zene 
65| Hexane (m) sae hexyl or caproyl CHs-(CHe)4-CHs3....| 86.1 
hydride ; 
a Soe, eh amees teenie wa diisopropyl........ ea CH-CH- 86.1 
8 OPE Tae 8 Eid ethylisobutyl...... CHa(Ct) 2 -CH- eet) 86.1 
9 | Hippuric acid. .-... benzoylglycin, ben- | CeHs-CO-HN-C 179.1 
zaminoacetic acid CO2H 

10: | ehydroazo-benvenei.|". 2am ae ee ee CeHs-NH:-NH-CcHs.| 184.2 

11 IST ZOLCRACTC A CO™) as eye seyret arse eae (NH-Ce-H4-COoH)2..| 272.2 

12- ve OE BPTI. te tck pete 3, Sem cae (NH -Coe-Ha:COeH):2..| 272.2 

ve - bee CS) SIN Se ae ee aes eke eames (NH: Ce6-Ha-CO2H)e2..| 272.2 

14 | Hydrocinnamic acid benzylacetic, beta- | CeHs-CH2:-CH2COe2H.} 150.1 

phenylpropionic, : 
or homotoluylic 

15 aldelivdese.. 24 cl at eenee eee ee CeHs(CH2)sCHO®...¢ 12 load 

16 | Hydrocyanie acid. .| Prussic acid, for- FEC IN Ges ee a ees : Pee tl 

; monitrile ‘ : 

17 | Hydroquinone (p.).|} quinol, paradioxy- | CeHa(OH)e.......... 110.1 

benzene 

1S) THidigose tae ele IRCICOU Ge eee ee CcoHa< ee Po Oak 262.2 

(Ore at > CcHa 

19 disulphonic acid. .| soluble indigo blue. CisHsN202(SOsH)2....| 422.3 

20 | sulphonic acid... .| indigo monosul- CisHoN202(SO3H)....| 342.2 

phonic acid 

2A WLC oe ie ao acl oe ee ST ee C Pcp 1 eee ee 264 .2 

DO S| LING Olin. i Sees IT Ole; KELOLEL ahh. gine Os ElaINine seen enna Bly ak 

DSa Ind oxyes o.5 re he Se en ee ee CHLNOH staic 3te ee 133.1 

QA Trnava woe oe dahlin, alantin (C6H1005) N +H2O 990.1 

‘257 DOdoLOrm secon eae triiodomethane CHa ae ane ee 393.8 

DG \WisoamVvl-acetatece. imac tee nie C2H302-CsHu 7. ..... 130.1 

27 aleahol wets fusel-onliee = eerie en (CH2)2OH.| 88.1 

28 - (SGC) Rid | egw cee ee eee (CH3)2:CH-CH 88.1 
(OH) -CHs 

29 Ghidride’s . 9) se57 3 ee eee eee eee Cri Cle ein. See 106.5 

30 CVARIGE Sych oh koala Res Goer oe (CH3)eCH(CHa)2CN..} 97.1 

31 AsOCVanides.. Lm el Beier eee (CH3)2eCH(CH2)2CN,.} 97.1 

32 mustard (oilgeties selene ye pen shame ees ae Cebit Ne CS. ae | eee 12oey 

33:.| Iscbutyl-acetate: > v] S.eere oneal Cr BOs Carbo teers L162: 

34 alécholtei..enaae jsopropylcarbinol (CH3)2-CH:-CHe-OH.| 74.1 

35 chidride:).. css. 4) eee eee eee (CH3)o'CH* CHCl. ..1, 92:5 

36 Cyanide cad ath. cal ee eae nie ee (CH3)2-CH-CHeCN..| 83.1 

37 | mustard oil. ...... a5 Bee ean, ar oe (CHs)2-CH-CH2NCS. (115.2 

‘ 38 | Isobutyric acid. isopropylformic acid CH(CHs3)2CO2H omens 88.1 

39 | Isoprene..°:.... SN ee Hence cea Hpyn hp Ee ey 5 Citak eer pie teks i tee: 68.1 
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No. 


ARIE ten Mav ey gar 


18 


MW sue)@ nels Kale 8: 


Crystal- Melting-| Boiling- Solubility in 

line form Sp. gr. point point = 

and color | H20 =1 8 is Water | Alcohol | Ether 

= OTE SUNS Se || Maney eae aa l(a VO a aie eg enn sl. 3s. sl: s. 

decomp. 

prisms 1-4624(806°)| 229. 26. or eee Versias 

rhombic AeA AE ig gi °= on Br 182. Rs 8. S. 
tablets ; 

LES GER Tigo Sa ER aR ieee ea | eke a sl. 3 sl. 8 sl. s 
needles 

PHomMoles else oe 163. PA GY. Wee Sos 5 aan ees Ne talc | A Bat 
tablets 

fluid OROGAGN AO eal rch mie: abd) 8. S. 

fluid ORG TCT ea erent ae. 58. 8. S. 

fluid CO SCO) NCO ae aero ee G2 tea Gree” 25h. S. 8. 

MOND C, oul Mareen cosrcycil ewe a «5 fees decomp.| 8. h. S. sl. s 

COLOLIESS, Mel uotvaastes au Hailes decomp.} i. 3. s. 
tablets 

loa tencnniealen aan tk ONS rapa al EE ae 2 lle ae tures Sonics os eee ay 

Welkom a itce carne she i. awh da 
crystals 

SOO eA Id eae Dae eee mee carkar Sect | Paes ee stele ot oss Ts sl. s (s. KOH) 
needles 

monoclinic] 1.0711(49°)| 48.7 279.8 sl. 3 v.38 8. 
prisms - 

AUNMOTMUC IIL Gel eters casi sins cil eet eee US ee tte torctcd kil -oei tos: el be el tes 
prisms 
Repesne st 0.6969(18°)| -14. 26,1 g. a. p g.a.p 8.a.D 

rhombo- 32 169. subl. ala er 8. Ss. 

_ hedriec 
or mono- 
clinic 

blue erys- | 1.35 Stlbbog-* i ct ee ite We i, 
tals 

AIM CRATILOL he ce rae eet het cages 2, 8. oe testes ee Ee eee 
phous 

RO UAIGO LO mie ded era wet Se strare to iltiioan serie i's 200. de- | s. Step er |- eer aes 

comp. 

SV IEC OMIA GSS |e etree al fcc ss chet |e eeseeeger ns a iby ; 8. 

Teaiets oe Nut ae. 52. 245. Sl-eGetb eal ae ctts 3. 

Bil Sy il pean a eye nee er MOUAVOl-Ms (Gralla cle veacom elt ete ee 

atil 

fine crys- | 1.3491 LOOM Ges ane sl. s Bas eer tee, 
tals (anhy.) comp ‘ 

hexagonal.| 4.09 119. subl. de-| i. 8. 3. 
yellow comp 

PRs cee 0.8762 139. B: pia a 5) 8. a. Dp 

fluid Oe 825 (OS)analim. Sos ee 129. 1:39 S. S. 

fluid 0.829(0°) EES irae Ses il cee aE 

fluid 0.87515") 102. i. 8. 

Spe Oe OE SOOM CC Da lie ates lOO: Py aes ial Me eR Re 

Le eS eater eee 137. te Bo Bh. at Mates 

fluid. OSA CA Gear. see cese! Isis olicy Alte ewe ale Ss ena Re Np. Peer Res 

eee On So 2 (Oontlinent aa HOES sl, s. $.a.p gs. 8, .p 

monoclinic] 0.8081(20°)| fluid 108.4 110 Fee thea, oes 
prisms 

fluid ORS FO Se a yasctar: ae “Oo ae ie | te: ISON Db ae | Us Re oe Fee 

fluid (0 Fame. C0 19 | ere a 129. ss ress eal | aa ees ae [eee ole 200 

fluid OROG3S C42) ete. AUG PA EPONE ae ae aor] ee eee IOP A eater 

Acerca. ih 0.9519(20°)| —79. oom BIS PO oe a earerrieice: 

On6823 C05) a St (ba eitec acer renee aes oil ecoeciceaaytacs 


HANDBOOK OF CHEMISTRY AND PHYSICS 


PHYSICAL CONSTANTS OF 


No. 


Name 


Isopropyl-acetate. . 

alcohols) vaneee. oe 
CVADIE wok cee 
ilsocyanide....... 


Mactic acids 52... 


aniycdrideteni.. o 


Linoleic acid. ..... 
Maleic acid....... 


(Co eae 


Malonic acid...... 


Mialtose Gey. ak 


Mannose (d.)..... 
Margaric acid..... 
Melissic acid. ..... 
Mercurie cyanide. . 


fulminate, 2.) 20: 
Mesaconic acid.... 


Mesitylene (1: 3:5) 
Mesotartaric acid. . 
Mesoxalic acid. ... 
Metaldehyde...... 


Methane’. 20% see 
Methyl acetate.... 
aceto-acetic ether. 


alcohol ohn eae 


* 
allyl ether....... 
imine inet. Sas 
amuiline tose) ce 


benzoate. acc... : 
WOFAGE = ta eee 
Drom dese ses. 
butadiene (2) (2,3) 
butenone (2) (1, 3) 
butyrate, ate eens 
chilorzd@e sn, + e.0 tes 
CYAMIGC 5 Sauoe tase 
Peel don See Aan AB 
ethyl acetone. ... 
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Mol. 


Synonyms Formula are 
ore te ier eee ee CH3CO2-CH(CHs)2...} 102.1 
secondary propyl | (CHs)eCH-OH...... 60.1 
alcohol 
Be tN pCR. ff Syne Way (CH3)>-CH “CN ee 2 1697 
isopropylearbyl- (CH3)2-CH-CN..... 69.1 
amine 
alphahydroxypro- | CH3s-CH-(OH)COe2H.| 90.1 
pionic or ethylid- 
enelactic acid 
ae pang ee CEOs nok eee Oa 
et fen as eR Se OO: CighipOse Re 2 eae We eee 
maleinic acid...... CoHo(COcH)e. os... 2 116. 
oxysuccinic or CO2H-CH(OH)CHe2: | 134.1 
apple acid CO2H 
oxysuccinic or COoH- pee amen 134.1 
apple acid CO2H 
sane ee a rE CH (CORE) os ete 104. 
aci 
malt sugar. cess se CrelivOna HO] 5... 360 .2 
amygdalic or phe- | CoHs-CH(OH)-CO2H} 152.1 
nylhydroxy- acetic 
acid 
ats eee eee CeHO Rye ie. ca ee LOE 
heptadecoiec acid Ciglisss COs rian 9 oe 270.3 
Re deed ee POG ae Ap CoHs9-COoH........| 452.5 
AS Se REA re He(ON)ot eo et eon 
We Satara Pare a: CoNeHgO2+3:HeO ..| 293.1 
oo eee So ae ay ee BECO eG ae ace ee OEE 
trimethylbenzene (CcHs) ee ne L20EA 
SEBS ee eae CaH6O¢ +H 168.1 
Wet AE Dinas CO: ‘cbs STO: 136. 
Lie ale SOIT A IG oe (CHs\ CHO) nk eee -|n.44. 
TALS OAS See ee 8) 2 eaataee See ye EY. 16% 
methyl ethanoate. .| CHsCOe:-CHs3........ 74. 
Et Goce ee eee CH3-CO-CH(CHzs) - 144.1 
CO2:- CoHs 
methyl hydrate, CHE OH eee. a ae oo. 
wood alcohol 
Rae Med Seals eS SY CB20CsHstas so as oe 
aminomethane.... . CHa aN Hae eee Bile 
methylphenyl- Celis --NEE- CH 3 2. oo LO71 
amine 
5 soso ahe Soe eee CH: @o@: Cells: 2.205) 2136 el 
Si he en ober eee (CHe\s BOs: nse LOned 
bromomethane Crs Birscs ae se eee 95. 
5 ose: LR aera (CHa)o€): Cs CHa: & 68.1 
A pee Ee cerca CH3CO-C(CHs) : CH 84.1 
eR pes 1 Sie, teeters CH3-OsC: CsH7.... 52-2) 102.1 
chloromethane..... CisC len, geenecuta k 50.5 
acetonitrile (CEs: CIN ae cate 41. 
Re rie a eta se as (CHS)2Oin2 So ee ele SOL 
on Ate ei ac hear CHsCO-CH(CHs) 100.1 
2H35 
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Crystal- 
No.| line form 
and color 
dG See eae 
2} fluid 
3 | fluid 
4 | fluid 
5 | syrup 
6 | yellow 
7 | yellow oil 
8 | rhombic 
prisms 
Oe 5-2" > 
10 | needles 
11 | triclinic 
leaflets 
12 | needles 
13 | rhombic 
14 | rhombic 
15 | crystals 
16 | scales 
17 | prisms 
18 | needles 
19 | needles or 
prisms 
240 26 
21 | tablets 
22 | needles 
23 | needles or 
tetra. 
prisms 
24 | gas 
DSN ae a a ieee 
AGS | iS aaa aeons 
27 | fluid 
Jae | ae eee a 
29 | gas 
30 | fluid 
31 | fluid 
sa ialiee op) Mate alo 
SSH SE a ante 
SAS ie al Uae 
BoUiOll 
36 | fluid 
SV es ee ne 
Sey ok goannas 
39 | gas 


Sp. gr. 
H20 =1 


0.9166(0°) 
0.791(15°) 


0 .9206(14°) 
1.590 


1.601 


0.559 (air) 
0.9410(14°) 
1.009(6°) 


0.789(0°) 


0.818(14°) 


Melting-| Boiling- Solubility in 
point point d 
: Ae Water | Alcohol | Ether 
lal ya | Aa a ane Hep a eal 5 ee 
85. Ss 8. 8. 
2 Re See LOVATOS etre te Riis eras 
ween 87. et ea iG, ar ae: ee Nee a 
18. 83. hyg. Sep: 8s. a. p 
(1mm) 
250-260. sl. s Ss. 3. 
decomp. : 
—18(?) erat iyi a: E 
130. decomp.| s. s. g. 
ESOS 3ST |e her eae Poors tae = | ees eee See 
100. decomp.| deliq sl. s sl. s 
132. decomp.| s. pk OL REG roe Se) 2: 
a Ra eet 8. s: 
118. decomp.| s. S. s. 
OO Bigs en Se Vv. 8s sl. s i 
OOSA senile weir. com ate ‘he 
Opens heen esr teen pee = cab 
S20 kde micas ees s. 3. Ss. 
comp 
Xie [ese Vis Se de sees oie 5 
202. decomp.| sl. s. 
Gee ae 163. if Ss. 3. 
5 be Stk ae len eA he eg Stee; |e eae a 
i IDs 0 Vi. xe ere cee See Cet hares teach 
SL be ears ae Bene bee ck ae 
Wer se —160. 1. atte Mee TP 
Batre ae 57.5 Ss Ss. a. p Ss. a. p 
PESOS Sti as ese hers eo 
—95. 66-67 SoadewlOenu| Sa Ven 8:.a. p 
pe 5B 46. RE Be 25 ely ay ele 
eet 6. BOO = ded a cans awe eae: 
Sheng tes 199, or eate ate RF 
199. ee Oona tN nt Nori Rea gia lane SEIN OR 
Gaines ceils Bia terete eee 
Fit Se 4.5 sl. s Ss: Y Blee  Ss o 
Be agrt 7A ese 2 ohare ed | oe ee pn 
Shier: 3 98-102. Sane Cd RW oh ths ee 
102. Pe Seas Ean ee eae (OE ye ae 
Re at 23.7 81.8: 3. se 
—41. 82. s. s. s. 
ais —23.6 SHSMSVOL NSA ea he Oe re 
118. PPR Ree MS ak Sa S| Rs ane = ole 
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Name 


"| Methyl 


— 
COMNOOPrWNH 


— 
_ 


12 


ethyl ether. ..... 
ethyl ketone..... 
{OTIC Es. ae eee 


IOCIGG cy eee 
MeCrTCAOERN | oe. lL 
MV USCALO Olle ae 
TMUC ACC erie ances 
nitrite 
Oxdlatem. ce wee 


salicylate. ....... 
SuUlplvatese weve. ee 
SUI DEI Geka. ec 
sulphonic acid.... 


sulphuric..... ae 
Methylene bromide 


Chloride. wae. sae 
CVAIMNG® "soe naa. 


HOGI GEC: Mean perce paket 
Vin St Oar pees eos 
INforphinexnwaseie a. s 
Miucic acid’... 2... 


Naphthalene...... 


sulphonic acid (@) 


= “20039 
Naphthol (@) 


se (B) 

Naphthol sulphonic 
acid (@) 

Naphthol sulphonic 
acid (B) 


| Naphthyl amine (@) 


oe se 


INTCGEIMIE™ see hoo Nar 


Nitranilin:(0.):.... 


a Gnd) eae: 


a (G2 enone 
Nitro-benzene..... 


CAYDONP EL ae ke 


Synonyms 


CU DN ci ee Okc hoy OMe cy 


fluoromethane.... 
methyl methanoate 
iodomethane..... 
methyl sulphydrate 
thiocarbimide.... 


synthetic oil of 
wintergreen 


methanethio- 
methane 


dibromomethane. . 


dichloromethane. . 


diiodomethané... . 
LACTOSeheren ae eos 


saccharolactic acid 


tar champhor.... 


ea; ‘eho e118) 16) oe, e118) & Ose w 


Ee ehione 
n-methylpyrrolidin 

metapyridinecar- 
boxilie acid 


Mol 

Formula oi 
CHatOv@rs Hee 60.1 
CHIC ©O7@> bia a ete 

CORES Be cnet ee ee 34. 

HCO2:-CHs3 60. 

CHa soe eee 142, 
CHR SE: eae: ae he erm 48.1 
CHsNCS Coat 
CHgNOrs 24.3 ee THEA 
CH3-O2NOe = sea 61.0 
(CH: Oo©)o =e ere 118.1 
CeH1(OCHs) -COcH...} 152.1 
(OUTS) SO a. ee nee Eas L261 
(CH3)oSenweae eee 62.1 
CH sSO ah ep couche 96.1 
CH30-SO2:OH.....- 11208 
OBES ved oie Popes 173.9 
CHa Clon co teen is eee 84.9 
CH (GIN) ose aera 66.1 
ee Aa eee VG, 

Sint Aipos eS eee 268. 
Culex +2H20.....| 360.2 
Ci7HigNO3s+H2O..... 308.2 
(OH) 4CsHa(COeH)2...| 210.1 
Cisse > ae ee eee 128.1 
. CioH7(SO3H) +H20...| 226.1 
CioH7(SOsH) +H20...|) 226.1 
Giotl7 "OH oe 144.1 
CGroli74OFiae See 144.1 
OHCwHe6SOsH...... Doar 
OHCwHe6SO3sH.......| 224.1 
Gio 7 N Hoe fe Sen 143.1 
Grobe INieie ce nee 143m 
CsH4aN:-CaH7N-CHs..| 162.2 
CsHaNn -COcH. +... 5) aden 
CceHsa- NOe-NHe...... 138.1 
CeH4a- NO2-NHe...... 138.1 
CeH4- NO2-NHoe...... 138k 
(OFS EI MOP yen ie Borer L288 
CUNO Dao cctae Ge rae 196.1 
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No. 


Crystal- 
line form 


and color 


gas 
monoclin- 

ic tabl. 
fluid 


oil 
fluid 
syrup 


oil 

fluid 

fluid 
needles 
yellow 
rhombic 


| rhombic 


powder 


colorless: 
need. or 
leaflets 

deliques- 
cent 

leaf. not 
deliq. 


meonoclin. 


need. 
leaflets 
rhombic 

tablets 
leaflets 


colorless 
need. 

leaflets 

fluid 


colorless 
need. 
orange- 
yellow 
need. 
lg.-yw. 
rhom. 
need. 
lg. yw. 
need. 


white 
crystals 


Melting-| Boiling- Solubility in 
Sp. gr. point point 
H20 =1 Ke 2c Water | Alcohol | Ether 
Oer2oc(O:) 10.8 Ss. Ss. a.p Ss. a. D 
0.8125(138°) fi] AG RATT A certaegcee | Mebe oeet area edict le oa 
sche laos bien ‘Ship. Sean as hee ceed et : 
0.9869(11°) eno Ss. Sean Dae iS. 2p 
NG RS 1! ier 2a Aaa ee 48.8 a ee oe he 
See eh. wea ayes 6. b Re g. 
ied Sehnert 34. 119. 2% Pt er 
11820207) |... ep eee ee ee 
0.991 aes Sal DA re tal Wie ee 1g Seeicas| ISeeeace Sea cod a we 
E1566-., aH Be 163.3 sl. s Se 
1.1819(10°) 224. s. Se S. 
Le SALOCZOM Tt ware os HESS ~My tec. a UR Meat Lc | Re ap 
188.6 
0.845(21°) UO GUA RSet Seay chal ey Wear Ae nore 
Pee nee oe. TB ONGE= rn. eo cass SN pe ei ce one OB ae 
comp. 
Deis 22058 ene lite eee esa Ss. Sepa ENG od Oe Nee 
QeOSAL ee eee ce 98. pet SOC PS | -Riaceeek Ciera (ee Mrs a Be 
G53) (756mm) 
rea Ne Tae gs A Mats cea 2 
Sn Te ae || ES RRS 109. rel ag ea sem mops antes eli 
Se Rts Be eae: ee eas LOLLC| eee eee 
Sree 4. 180 0 Be eo ae NN Seek eae oer a 
1.525 es GCECOMM DA LOOM BLASe 5 ence eee 
tes 2 243. decomp. 0.2:100h._ s. sl. s 
eA We kn 3 2OG dete As oc We She tS 1. eee 
gomp ; 
1.145(4°) 79-80. | 218.2 i: | 8. Wied 
Rea am ie 85-90 v.38 S. sl. 8 
1.224 94, 278-280.) sl s. h.. |s: 8. 
1.217 (122. 285-286.) sl. s. h. | s. 8. 
oe pI DER Vel Ge) 8. ea 
Soe ine te a p22 Ree Nels ul Vices vV.8 eae Petia 
oer wee 50. 300. 0.2:100 v.s Ves. 
Cc. 
i ake oe a 111-112.) 294. s. Lee oe fede ees 
WS SSS Fo en nee ee 250. de- | s. Ss. ge 
comp. | > : 
AT eats eet 228-229. ne s. h. s. 33 
subl. 
(ALSO. eee i) sz h. S. v.s 
1.430 109.9 285. 1: 600 
1.424 later (oe real Nae oeses are sl. s Se Pics bem ere ot Se 
1.20(8°) on 205. re S. s. 
(730mm) 
fen ie aa, US 126. i. s. 3. 
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| 3 


CMON OG FP WON 


em 


Name Synonyms Formula ie a 
Nitro-phenol (o.) BO ont hc aN a CeH4-NO2-OH...... 139.1 
ss (Cac) eee inbaeeich ee eye, = oe CeHiNOo OH tee. 139.1 
e (p:)'S al “acaeeoreheset eae CoeH4:-NO2-OH..... 139.1 
Nitroeso-amiliny (:) Aes eee eee CcoHa(NO)NHp....... 1221 
benzZenent eee ee Sis ebouapga es v0 g.| ROGET INNO) gee, ee neers 107 My: 
PHENOM (pS) eae quinon monoxime. | C6sH4-NO-OH....... Donal 
Nitro=toluemes(O.)in.| sneer rate eee CoHa: NOe-CH3...... LS aout 
se Cave ae cli, SG ote oe Fe ia CoH: NOo: CHa: ....2| 187.1 
es (Ds) Seana see of tenner nee ee CceH4-NO2-CH3...... 137-1 
Oleicracidea.n ee oleinic acid....... CH. COoHi ee 282.3 
Omalictacidsnocmeael Ma Oere teeta CO2H-CO2zxH +2H20..|} 126.0 
Palmitic acid... ... cetylic acid... .:.° | CisH3i-COeoH... 256.3 
Pal micinv ssc (AHOMOTEIRUL, 5 5 ao C3H5(OCisHs10)3 .... | 807. 
Paracyanogen.....| .. Adisle Marshes ae abe COIN 7 eee n26. 
Paraformaldehyde .| trioxymethylene, (CHO); BS peas 60 
paraform 
Paratcde tye quran | gee sts oe ela oy has Cell isOs a else 132.1 
Pentane (n.)......| amyl hydride..... t CHs(CH2)3CHs. ....- Ted 
Phenanthrene..... orthodiphenylene- | (CsH4-CH)2........ 178.1 
ethylene 
iPhenole serene eee carbolic acid, CcHs: OL. as see 94.1 
phenyl hydrate 
phthalem... 4.2: dihydroxyphtalo- (CeHs-OH):C : Ce 318.1 
phenone *HuCOe 
sulphonic acid (o.) sulphocarbolic (o.) | CeHs-OH-SO3H..... 174.1 
(m.) (m.) | CeHs4-OH-SO3H + 210.2 
2H20 
ie (p.) fe (p.) | CeHs-OH-SOsH..... 174.1 
Phenyl cyanide....| benzonitrile...... CcHigONe a eee 103 a1 
CU CLRE i. hc, coches nal| Uc Vanes Oop aie ae ae oa (CoH) sOn ear 170.1 
Py QRS ZING «3-53 shelf Asie ee eet uments byl ete Cells: NE NAe 108.1 
TSOCV AMIE’: 5 5 AAC. gl sires cee ai pee et CoHeINC Rts te eee LOSelae 
mustard oil... . 4 thiocarbanil...... CoH NGS. ee eer 13522 
salicylate........ SAlOl Ge . nee CceHa(OC6Hs) CO2H 214k 
tMiOUFeA Leese cree phenylthiocarba- CS(NH2)NH-CeHs...| 152.2. 
mide 
UHR SE eet et came rg phenylearbamide.. | CO(NH:2)NH-CeHs...}| 1386.1 
Phénylene-diamine |, ree ae oe See etl CNikts) tet eee 108.1 
(0.) 
Phenylene-diamine | metadiamino- Colts (NiFls)o eee 108.1 
m. benzene 
Phenylene-diamines|! ase eee Col; GNIS) ae eee 108. 1 
(p.) ; 
Phenyldiamine (3) .} sulphonie acid.... ee PAO a 
Phthalic acid (0.)..| naphthalic acid... | CeHa(COsoH)e........ 166.1 
aldehyde one 7 |e ci ero ee CeHu(CH@) pie. ae 134.1 
anh ydrid 65(O.)4 sal ae ee eee CeHi(CO)sOn7s ee 148. 
Pierieracid sneee ak trinitrophenol; car- | C6H2(NO2)s0H 22972 
bazotic or nitrox- (1:2: 4: 6) 


anthie acid 
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Crystal- age Melting-| Boiling- Solubility in 
No.| line form TO <1 point point < 
and color °C °C Water | Alcohol | Ether 
1 | yw. need. | 1.451(4°) 45. 214. Se s Ss 
or prisms 
AV CLLO Wea gael cet ates rove 96. 194. S. Vv. Ss v.38 
3 | colorless 1.468 Had yes e| Reae sl. s v.s bee 
need. ¥ 
4 | blue BCE Mavs CHITIN) te ells Ration” (s.benz. ~ 
needles 
SumbaOletsiuc | sess as ks GSvatr pita... Radia eh | eevee ihe 
Grerhomber ~|fea2. oe es. decomp! |ip.. he. Ss. s s. 
green 
FA LA166C4 2) 410.55 223. ile Soe abaghlee 27, 
Ol a a 1.68(22°) 16. 230-2381) ....... BLEW Sa 2 ao 
9 | rhombic 1.123(f1.) 54. Datei, el pee ce ae fs ete MN Ae ean 
10 | colorless OSSO Se er Ser Se PRS Biss eh se eet as Seo coe MU ROR RS ee 
need. 
11 | monoclinic} 1.63 LS Teale tee Dee 8: 100 s s 
(anhyd) (10°) 
POpesCalegie va | Alcs oe G2) Blair Se Te s. h. 3 
1B ised eee ee eee GLE 57 eee s. h. sl. s. Vv.8 
Ape ae Nate ce eel (es oeente es subl. ily 1. 
EMV LOM an MeN Se eee | lucene ss ae Saal dee aL ce oe 
Guess. eee 0.998(15°) LOSS 124, LP Soar) S Bega ere 6 | oe een 
47 | fluid OA G263 Ce) see. Sane Silene Bint oe Se a ee ee 
18 as 1.063(100°)} 100. 340. rhe 1350 8 
tabl. 
19 | gray need. | 1.08 42.5 181.5 6 :100 Sissies 
DOeerielinicwe.| secs... 200-2938.).. 00... s. h. WSs elon Ie 
D4 td | a eae wie: |r cag rn Mees cece evn Wane ty Oe 2 vV.8 Wet es |! a ceeptuees 
DOMME CHIGS pu le eee chet kN Moccia tars s. FS Fa abelian ae oe Ao 
Dees yC pr Solas i ae Moet) ae | Saree a iceoee Set See aSeeeet ono! yl. Smet Ade gems 
So ee 1.0084(17°)| -13. 190.6 1:100 8. a. p. | 8. a.p 
(100°) 
mn ERECCLES a i cae. Oss 28. 253. ie 8 3. 
26 | crystals 1.097(23°) Day, 241. sl. s Vans: Vv. 8 
27 | greenish ORO Tesi Clean) meter muere MG SSG Ges eee, alk ee sh alee ea 
DREN, Gre Race. Sleek Moser ah ey cee ae DD A. is 8. s 
29 | needles or 3 LOE oe apo a eae Ts (SOL I Seo aees 
tabl. CHCls) 
SOnenecdlest wal eo oe cree UL A Sao alle Se see EFA OO ss Ss swe eee ee 
Siaiemonocline |) .2...2 0% LAR) | Sate ee ity 1a 8 s. 
need. 
SOMME OLS OL) estes ov accsoueeks 102. DOD: Sibht Via s v.38 
tetr. leaf. 
SoA PEDOTIDIGW a8... go ie 63. 28s sl. gs s s. 
Ae TMONOCHs Olikes iets & 140. 267 s. s sg 
tabl 
MOTs seals, Meneine Sm Fe LeetO0. v. sl. 3. | v. sl. s 
tabl. 
36 | rhombic 1.585 Oak eee ne: sl. 8 8 Ss 
eae eae eGo oot et 151 or iam Wey Ae ee Efe a” | cs a sen cap ae | PARR 
38 | long 1.56 128. 284. SS eres | Nc Seen neat [gear ge Bee oe 
needles 
39 | rhomb. 1.74 122% expl. sl. s 8 S. 
yw. leaf 
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PHYSICAL CONSTANTS OF 


No. Name Synonyms Formula a 
i) Pinacone. ). se oa tetramethylethyl- (CH3)2(C-OH)2 118.1 
eneglycol (CHs)2 
DU PARONG oo 6). eee Australene........ Crbhissace oc soe 136.1 
Coa Nal 240.010) Gata RM ERIN acne ce ae ee mnt CieheOehs. eee Thay Ana 
4 | Piperidene........ hexahydropyridine .|CH2< ct ee NH] 85.1 
OT PIpPeLON Ale. eae heliotropims see eames CHO-sclekoOsl 
6°\ Propane cs . Glencoe ah See eee er kg een ee er 44.1 
7 | Propionic acid. methylacetic or GH: COs El Sera ae 74.1 
ethylearbonic acid 
8 Propyl alcohol) (iis) sects. 7 ote ere ae CH2:-CH20H. 60.1 
9 te Piva dimes. aes peo a ee acne ae oer ee BIN oes Teter ee 79.1 
10 sulphoniciacid. Gn) ec haan ee CG. HN: ots eee 159.1 
11 | Pyrocatechin...... orthodioxybenzene.| CeHa(OH)2.......... LEO 
12 | Pyrogallol (1: 2:3).] pyrogallic acid..... CcHs(OH)C. i rar topetmneaee, {26 5 
13) Quiniccacids . i072 chinic or kinic acid.}| CeH7(OH)4s-COoH....} 192.1 
14.\-QOuimolines es. chinoline. .<.. 5... Cel eae Ag 129.1 
15 | Quinolinie acid alphabetapyridine- | CsH3N (CO2H)2 wees LG7 Si 
les Dies dicarboxylic acid 
Loa @Ouimoney —-. ssseve chinone, benzo- GCaHuOsre & sean eee 108. 
quinone 
17 | Racemic acid...... paratartaric acid... ea a CH(OH)-)2+] 168.1 
ES) aimmose eres ee ses mellitesea. wae aes: CisHs2016 +5H20. . 594.3 
£9) | Resorcmes..5 2). : metadioxybenzene .| CeHsa(OH)2.......... 11051 
QQ Als RIRETNTIGE | re ccs he ene rere one C;Hs(OH): Cis. - cate 166.1 
21) Rhamnose.... 3.222. ISOGUIGt 20 eee oe i Pate +] 182.1 
2 
22 | Rossnilin. -. 2 aes triaminodiphenyl- | CooHaNsO.......... 319.3 
tolylearbinol 
23 | Rosalic acid ..... aurimiredss. betes a et GrolteOg sic a hee ee 304.1 
ZAS Sacciaric. acid (ds)\h caste eras eae bee CHOW COs 210.1 
ZOOS ACC HARING: (Cis elie tay eee ag Siete LOWE ai. eeeeasp eee 1621 
26=| Saccharin......... benzosulphinide....| CeH4 <¢ SO» Os NH. inet! 
27 | Salicylic acid...... ortho-oxybenzoic CeH.1-OH- COs y 138.1 
acid 
28 | Salol, 
see phenyl 
salicylate 
20 Fe STIVier t Ul mia te vou cite oi Cane eee alae CoAceNbOn, =e ecnaee 299.9 
30 | Sodium ethyl...... 2 es Ds ae Nate oo aege ae 52.1. 
31 glvcerate- mx erence: tosis ieee ae Na @sH7Osica eens 11431 
Bo SG RRON 5 3c ace dasa whoo, at ce (Coo Oe\au ea iereeas n162.1 
33 | Stearic acid....... cetylacetic acid. ...| CiyHs5-COeH........ 284 .4 
34.| Stearine. 22.32... fristearine ste: o C3H5(OCisHasO)3..... 891.1 
35 | Succinic acid. ...-:. ethylenedicar COcH - (CH2)2COeH...| 118.1 
boxylie acid 
36 | Sugar (cane)...... saccharose.. ...... CistisOnihln eee em 342 .2 
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Crystal- Melting-| Boiling- Solubility in 
No.| line form Sp. gr. point point ~ 
and color | H2O=1 °C °C Water | Alcohol | Ether 
1} small 0.96718 35-38. | 171-172.) 8. h. Sea tg ee eee ome 
needles is) 
DAG LSS 2 <a erates PASey leteee Peal os ta (loroe nace 15S. 4: Sw Paees ae 
3 | fluid OBOE (202) aie ~. 5 Kat Beige a ea ilies Oe ened) Na ag 
4 | fluid OES Oe Near ea 106. Ss. CUgascar da {aks ee anes 
(105°) 
HarelOwcerVigale. oustnah. osc lee 263. gs. h. Stee Coreg bak se 
6 | gas OnO13(= 252)" -45. me S. aa 
Pitter esia 0.996(19°) | -36. 140.7 S245) Ss. S. 
8 | fluid OQ, 8066059 ae... O74 8. S. s. 
9 | fluid O OBO elo aee sce 116-7 8. Fat ss el oe 
LO bmeedles:of 2.0.2 es: Sires v. 8. Syerisilg tes oil 
leaf. 
11 | leaf. or 1.344 104. 240-245.) v. s v.38 v.38 
need. 
12 | leaf. or 1.463(40°) | 133. 293. 44:100 | s. s. 
need. 
13 | monoclin. E62. decomp.| s. be rg ea ie Cece 
prisms 
14 | fluid 1.0947(20°) 240. 8. (s. CS) 
ASSIS ES aie ses Sage ae PAH decomp.| sl. s sl. s v. sl. 3 
prisms 
16 | yellow he 116. subl. s. h. 8. 8. 
needles 
17 | triclinic 1.6873 205-2065) S522. 20°: 100" |=s: 
Psieryetals om sol... 118-119. PA SLOOP Gl. g. esl... eee ne 
anh. 
19 ae 1.2717(15°)| 111. 276.5 v.s Vv. 8 v.8 
tabl. : 
Pe MEITCMIN. Gs elec) ek ae Vv. 8 Vv. 8 Vests 
prisms 
Mieemonochinie|= 22 5. 92-93. s. Se 
INS ERE pe ee a ee nD er a sl. g Vv. 8 i 
need. o. 
tab. 
23" yced leaflets} ==... decomp.| decomp.| v. sl. s. | v.s. h. | s. 
AB SNE TIER chr ere en ee, PMI, a 2 Ss, poe aA ee Vasiie Wes sl. s 
POuEEROMDIC=: | sor. o. TGO=TGI ea osc Screg as ce cement ei rt eee. 
prisms 
ao weryetales ye 4. S08 220. a 8. s. he 
xylol) 
27 | need. or 1.443 159, subl. sl. s Ss. 8. 
monoclin. 
PES |) SAG EPP RRM, BES Ec oe es nol be at ga ad IM gy se AP er eee ed (nr er eet le eee Sr 
ACS SCNT Fecal |i ois aoe Cxpi Nese oF 2.8 Maison vit aeteg oes 
need. 100h. N#As) 
SHOT" ls ae Oe A Sa POR aie aye Coen Pane (pet te eee (eaten eae SoA dey kt |e seeee as 
2 SUS Se ANA | cin a ge ear Geconup: essa oe Ieee. ee 
powder 
32, yamorphous| « .. 4.9: ee i. ae i 
33 | leaflets WOe SoZ. -= GOS2 Peel ase ae ae egal ots Se 
(69 .5°) 
34 | crystals TSeOM GWE) ied 1 On ob See oo, a Sy hi. Souls 
30 | monoclinic) 1.552 - 185 239 se Ss. S. 
36 | monoclinic} 1.588(20°) | 189.de- | ....... 198: 100) sl. s 
comp (12°) 
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PHYSICAL CONSTANTS OF 


No. Name Synonyms Formula ae 
1 | Sulphanilic acid (p.)| para-aminobenzene-| NHe2-CeHs-SO3sH + 209.2 
sulphonic acid 2H20 
2 | Sulphonal.. sulphonemethane. | (CH3)2C(SQ2:C2Hs)2 228.3 
Soy) CReTONANet we cake eo Bie tannic or gallotan- | CisHi0O9............ S32 Ik 
nic acid 
Awl ART CATIC: eCl Cel Cl™)iy.tnt| meee et en ae CO2H - (CH(OH)): 168.1 
CO2H +H20 
5 s We (d.)..| dioxysuccinic acid cee (OH))2 150.1 
SN\I2 
6 i a (Ld ahr Ree eee ieee ee CO2:H(CH(OH)): 150.1 
CO2H 
FaleLerpenolec, co iets take Te ere CighlssOmre ee 154.2 
Si Perpentine...sawats enh eg ete aes (Cio Hees en te 136.1 
OUleRerpimeole ta. er eee terpilenol ........ GCrokiige HoOmeee ease 154.2 
Oc Mbetracthyl-amtmOsu er eee (Coos) {NOH=s2 2 see 147.2 
nium hydroxide 
11 SITCOM eee oat Cl ee. eee (Gals I VISN 3) 4 ose 5 ca 144.6 
Danie Detramet ly l= 9 Vs WiGe date cos eae phen (CEB) aNOHP eee 91.1 
ammonium 
hydroxide 
135| Detramethyl-siliconl,: 42-0. ee (CHs) asi eee 88.5 
14 | Theine, see caffeine 
15 | Theobromine...... dimethylxanthine . | CrHsNzO2........... 180.2 
16s eDhOsuTe a, See (oe. et eee NHe-CS-NHe....... 76.2 
l(a ehouenee nn. eee toluol, methylben- | CHs-CHs2. 5. ....... o2e 
ZeDe 
18 SUM OMNCZACTC arn |) ce ceee eth ce aan ames CHs3-CsHa:SO3sH + 208 .2 
(0.) 2H20 
19 SUL HOM1C acre.) ee ee eee ee CH3-Cs6H4a-SOsH+H20] 190.1 
20 eee ACI = pa Payee eee area ee CHs-CeHa-SO3sH + 244.2 
4H20 
9A Toluie acid (0.)....]/ methylbenzoic acid | CeHs-CH3-COeH....| 136.1 
De fy Ua Can) ee metatoluylic acid.. | CseHs:CH3-COsH 136.1 
23 So)" (ps)... Spanatoluylic acid). + Cskla- CHs-C Ook 136.1 
24 | Toluidine (0.)..... orthoaminotoluene | CH3-CeHs:NHe...... 107-1 
5 MC (m.)....| meta-aminotoluene | CH3-CeH4:NHe...... 107.1 
26 Co) ee para-aminotoluene | CH3-CeH4-NHe:..... 107.1 
27 Tolyl cChlorides(G.) einen fee eee CcoHa-CH3-CHe2Cl 140.5 
28 ss (ma) sarees Pics sro a a CeHs-CH3-CH2Cl 140.5 
29 ss od CS oe | serene aa eee eh CoeH4-CH3-CHe2Cl 140.5 
BLO Rraesie) ovevaVAsp Nal em Ck ek eS Colts= NENoene aes 19 eZ; 
31.| Tribrom-acetic medih-cee os Ret ae Cy Bra @ Ostia ae 296.9 
Sol ephenole ss. woke bromo liye eee CeHo: Br3-@OH. 2.2 se: 330.9 
33.) brichlor-aceticacid.|mae ase ee sae CCl COL... = 163.4 
34 penaenc oe ites See ae Ceklg Oly: st oad Hee ee ee 
arenes 
30 | benvene (as. = 15 |) anes eee ee eee (GIB KUNG) Ks Sa meron ye onalh kell U7! 
(1: 2:4) 
30. | benzenen(vs) 2s ay ete rc ees See Cekls Clase te: Gal oars 
(ise 3) 
OL ethane (asa eae rae ae ee, emer eas CAs Cle fontaene 133.4 
38 CURSE 22) ene aa ae CHCl? CHCl... 133.4 
39 phenol (1:2:4: 6) ee mteer ste oils CsCl Ory ae 197.4 
OSA Cravsidaprdlahadnpaters Weenie Yee a oe oboe see ace (COoELS sING ee eee IRON ees 
41 World e; (ek ateceeeaet | uc eh nese en ee (CoES)s Dicer eames 98.1 
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Crystal- R x Melting-| Boiling- Solubility in 
No.| line form Oe 1 point point 
and color zat °C 4, Water | Alcohol | Ether 
iL |) selingsaml sy. Oeil sees ace aR ee | Bi es ees ae a UO et VEC oO 
mono. 
tab. 
DAMP ISIS eft se es a ot ose fA Foe ce era ae ak Bronce Se hie canctes ete 
Sorlamorphous|'..u8 26). os COCOMND: biker aeeau: 2: sl. 8 v.sl.s 
4 | tablets 1.666 140-143.) 2... Wine Ss See Ua P(t ae eee ie 
(anh) ) 
5 | monoclinic} 1.764 168-170. v.98 v.38 rp 
6 | monoclinic] 1.764 OPS ve. sl oes ree V.S v.s ip 
7 | prisms Een POR IMRNU!. arn le cursor en: tans Ae ee acter ie eee, 
8 |} oil 0.8587 Mage 158. Miciatel 1h fier hSenee 8 g Oy nl ets bagelon 0 
ees 2-1 0). 9d00(20)_. oo. Diss i. Ves Wako 
10 | deliq. Bahn eeen LOO) CLOatl oa pan hoye Vv. 8 or ale Nig ee ee eae 
need. comp. 
tela. ae. LOS? nee here ee hose 1 ce reece renee PR Sho 
i" |- GAC Gaeta ae ee decomp.| .... Vet ny [nee omit eae 
crystals ; 
1153 |\ear8 Sie eee oe (Ree S028 Leet e. Tie AS Red eee eee 8 ll ems CL abe 
TARP sca 6 ee elie i lente cinerea en a a SAS RI a RE SMe RD WR, SS Se eagle ee ND 
Ta REROLODICL mows... 7. 290. decomp.| sl. s sl. s sl. s 
mic. subl. 
16 | rhombic | 1.43 180. ES v. sl. s. | v. sls 
prisms 
17 | fluid 0.882(0°) ie Me sl. 3 gs. 
TESS |. GEBSFEME Sys PG SO ae le ee eae (ly, ac ale ear Raia net Aco res mm OL 
HOsienecdless| lo os ata ee mapa Ulcer |S ee oes}. Rn te 
BORG DTISIIS Ob) >t ssee Lo OAS aa Bel Nia areal at Mad OE Aletha, So acme NOR, <3 ea 
leaflets 
Ue OR eee Tri, wc es OD ae dpe Sa, he visa kiss ee 
needles 
OOBMOEISTNG mie wh th py oy 109-110.| 263. g. Fc tral | ae 
Domeneedcrens: Wee. we ee 180. 2ho. s. h. Veet . sly sae 
24 | fluid I OOS@Og) a lpaane ee 197. Ae es es: 
25-| fluid OPO9S Ce) mle am aes 197. Bray naes eee tadean Ween ee 
26 | leaflets 1.046 45. 198. Sligctee ee hana ee 
BHA 3 SIS ie Se atk Pe oe on |e O70 Os hee meen ace eee 
2 alle er a sR is, yt a 1D aes UY Ge eats es ae ene cee hc eam eh 
DABS 5s Pee hs te, 14 yee ee ead ea 2 (Vikas Mest bes eoese apa [ese ial moe: oe a eee 
30 | oil 1.098 ee Gow i. sl. s sl. s 
31 | monoclin. fe, tc 135 245. 8. 8. aM 
tabl. 
32 | long 95. subl. NA EE hee ae ooo CAs 
needles 
33 | rhombic, 1.62(46°) D2a0 195-200.| v. s 8. 8. 
deliq. 
34 | long 63 . 4 2 OS soe Wes ae oh, 
needles 
Sumer ete tl oT ALO) 16. DiI Sian ae ie a orn a ny Senge JEN NB ts a 
Be wom avanGa =! ol. ant Sosa 5S=b4.. | 2US-2hOee see glean Neullioen ar wan 
lets 
SAG etre a Te 34(02) Ser. CAS all gk Say Became Be aN 
lect hips meveiras 1.422(0°) ee ill yO meee eels sate, Sot abs = Se 
39 | rhombic Bee eed 7-68. | 243-244 | ._.. v.38 v.38 
Aa Rs ae cae ORG (Osea eae. 89. v.8 VOR SoM st ceilln ceenc Gees 
Al ORG CR) Ie eon Oi Balle ee Ss. g. 


23 
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PHYSICAL CONSTANTS OF 


Name Synonyms ’ Formula ee 
irimechylcaroinol. lisence a2. oe (CHs)\sC “OH ae re sales aoe 
arimitro-Denzene« “lft. eee GEHgUNOs) 3.2 eee 21322 

GaeGeaess) 
naphihaliment@ a. le seer nee eee CioHs- (NO2)3....-...5 263 .2 
= (p) EA on ieee Pena C1oHs5- (NO2)3........ 26a —2 
as (GY) cl Seen 5 eee eee CioHs- (NO2)3......-: 263 .2° 
phenol (s.), see |picric acid 
: Aik Screhitt A eu) ei seme cen ae eee CeH2(NO2)30H...... 229.2 
Pen Ol Cees SEB y ey irs: cates bak ste CceH2(NO2)s30H...... 229.2 
a 
toludene(s:) (A244 Gat =. ten eae ee ee CeH2(NO2)3-CH3....| 227.2 
‘Triprenyl¥carbinolais oe secirietseng tie ae oes (Cells) 3 COE aa se 260.1- 
Ureaaeen 3 nore carbamide 2.5.6 40 CO(NF2)2 eta tym foe es 60.1 
Urethane. 25 ws | ethyl carbamate.. |-CO-NH2:-O-CoHs....| 89.1 
UIC RaA CTO ate ET ey dl ota ons ate ae en GaELING@ see ee ee 168.2 
Valeric acid (n.)... sakes propylacetic CH3(CH2)s:COoH. Ppt cet) oe 
aci 
Vanillic acid (3:4:1)} methylprotocatech—| Cs>5H3(OCHs) - (OH) - 168.1 
= ui¢ acid COoH 
Vanilline (3:4:1)...| methylprotocatech—| (CeH3s(OCH3)OH) 152.1 
uic aldehyde CHO 
Wood alcohol, see |methyl alcohol ; 
Xanthene eR | OM eK ake ep aia A Cs il ee me (Casi : 182.1 
DG) aiid OWN eee ene WUreoUs! ACIG! Ache hie Ca et On etek 152.2 
Xylene ©.) a4. aed xylol, orthodi- GEHGX CHa) sane TOG ae 
methylbenzene 
f (m.)......] metadimethylben- | CeHu(CHs)e..-..2..- 106.1 
zene : 
Hi Gems ees 45 paradimethylben- | CeHa(CHa)z......... 106.1 
zene 
PURCSS OY Ls oh Cea et eee tee ne gree An Cate yocacae oe 123.5 
PINGING irate och tees tras: | RR aes eee JAG e ES ey Rie ees 95.5 
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Crystal- Q 2 Melting-| Boiling-. Solubility in 
No.| line form HO 1 point point 
and color C Water | Alcohol Ether 
1|rhomb. — | 0.7864 25. Bote Pade vet oo er Ps tS con, 
tablets 
De CAHOUSIOL. | sit oa. ss aa 121-122 | decomp.| s. h. Sloe aa, Wis Pee es 
tab. 
SAIMOMOCMBIC!'. oka ssc: Toe (gs. acet.)| v. 8 (s. chlo.) 
FNCMONOCUMIC! ;.cnk ooo. . DST Rote ee Brice erence sls. 
SHEVEHOW Ie las. okt on Stet See gt: Se see een 2) Dp ena i i 
leaflets 
CO oo a Sue, okie eI SI eee Slama | oS ye a (Lge ba tL atonal | Area a 
a ICCOICS MEM |e eS 96. v.38 v.38 
Selncrmalh sen boas ee ERTS eke Vv. 8 v.s 
needles ° 
Op erive mbites Ghia. 82. Rec ial ahs ae PN OS ead Pag Soh care 
roe rbombos. lena. sd. 159. 360. + S. 8. 
hedric 
11 | tetragonal | 1.333 132. decomp.|} 1:1 24 10 sl. s 
12 | leaflets 0.9862(21°)| 51-52. 180. Se barr! ape ema) Lapeer ee 
13 | small 1.855 decomp.| decomp.| v. sl. s. | i. ¥ 
scales 
LILES ies SS chs a ce 0.9577(0°) —58. SAR LS ele ney, Mee, ace coke Wee, ie eect aes 
Heseieealese: cs |F £05. eo 207. subl. 3. Cn See iho ee 
_16 | monoclin- 80-81. | subl. 8: 3. 3. 
: ic need. 
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FLAME AND BEAD TESTS 


Flame Colorations 
VIOLET. 

Potassium compounds. Purple red through blue glass. 
Easily obscured by sodium flame. Bluish green through green 
glass. Rubidium and Caesium compounds impart same flame 
as potassium compounds. 

BLUES. 

Azure. — Copper chloride. Copper bromide gives azure blue 
followed by green. Other copper compounds give same colora- 
tion when moistened with hydrochloric acid. 

Light Blue. — Lead, Arsenic, Selenium. 

GREENS. 

Emerald. — Copper compounds except the halides, and when 
not moistened with hydrochloric acid. 

Pure Green. — Compounds of thallium and tellurium. 

Yellowish. — Barium compounds. Some molybdenum com- 
pounds. Borates, especially when treated with sulphuric acid 
or when burned with alcohol. 

Bluish. — Phosphates with sulphuric acid. 

Feeble. — Antimony compounds. Ammonium comnounde 

Whitish. — Zine. 

Reps. 

Carmine. — Lithium compounds. Violet through blue glass. 
Invisible through green glass. Masked by barium flame. 

Scarlet. — Strontium compounds. Violet through blue glass. 
Yellowish through green glass. Masked by barium flame. 

Yellowish. — Calcium ‘compounds. Greenish through blue 
glass. Green through green glass. Masked by barium flame. 
YELLOWS. 

Yellow. All sodium compounds. Invisible with blue glass. 


OXIDES wHiIcH ImparRT DecIDED CoLoRsS TO THE BEADS 
Borax Beads 


Oxides of Oxidizing Flame Reducing Flame 
Chromium Green Green 
Cobalt Blue Blue 
Copper Greenish blue Red-opaque 
Iron Yellow Green 
Manganese * Violet Colorless 
Molybdenum Colorless Brown 
Nickel Brown Gray-opaque 
Titanium Colorless Yellow 
Tungsten Colorless Brown — 
Uranium Red Green 
Vanadium Colorless Green 
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FLAME AND BEAD TESTS (Continued) 


Oxides of 


Chromium 
Cobalt 
Copper 
Iron 
Manganese 
Molybdenum 
Nickel 
Titanium 
Tungsten 
_ Uranium 
Vanadium 


Salt of Phosphorus Beads 


Oxidizing Flame 


Green 
Blue 
Blue 


- Brown 


Violet 
Colorless 
Yellow 
Colorless 
Colorless 
Green 
Yellow 


Reducing Flame 


Green 
Blue 
Red-opaque 
Colorless 
Colorless 
Green 
Yellow 
Violet 
Blue 
Green 
Green 
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PREPARATION AND PROPER CONCENTRATION OF 
LABORATORY REAGENTS FOR GENERAL USE 


Dilute Acids. Sulphuric acid. One volume strong acid to 
6 volumes water. 

Nitric Acid. One volume strong acid to 2 volumes water. 

Hydrochloric acid. Five volumes strong acid to 8 volumes 
water. 

Acetic acid. One volume strong acid to 23 volumes water. 

Dilute Bases. Potassium hydroxide. 280 grams per liter 
of solution with water. 

Sodium hydroxide. 200 grams per liter of solution with 
water. 

Ammonium hydroxide. One volume strong ammonia (sp. gr. 
90) to 2 volumes water. 

Other Reagents. Ammonium sulphide. 600 cc. ammonium 
hydroxide is saturated with hydrogen sulphide. Dilute to one 
liter with ammonium hydroxide. 

Sodium sulphide. Dissolve 200 grams sodium hydroxide in 
800 cc. water. Saturate 400 cc. of this solution with hydrogen 
sulphide. Add the remaining 400 cc. of sodium hydroxide and 
dilute the whole to one liter. 

Ammonium chloride. 267.5 grams per liter of solution with 
water. 

Ammonium carbonate. 200 grams solid salt dissolved in 350 
cc. ammonium hydroxide and dilute with water to 1 liter. 

Ammonium acetate. Dilute 300 cc. strong acetic acid with 
300 cc. water and neutralize with strong ammonia. Dilute to 1 
liter. 

Sodium acetate, 186.14 grams per liter with water. 

Sodium phosphate, 119.45 grams per liter with water. 

Calcium chloride, 109.51 grams per liter with water. 

Magnesium sulphate, 123.28 grams per liter with water. 

Barium chloride, 122.17 grams per liter with water. 

Ferric chloride, 54.11 grams per liter with water and add suffi- 
cient HCl to keep in solution. 

Potassium ferrocyanide, 105.72 grams per liter with water. 

Lead acetate, 189.51 grams per liter with water. 

Stannous chloride, 112.72 grams of the solid salt plus 200 ec. 
5N HCl diluted to 1 liter with water. Add metallic tin to the 
solution in the bottle to keep it from oxidizing. 

Mercurous nitrate, 262.34 grams per liter with water. Add 
sufficient nitric acid to keep solution clear and put metallic mer- 
cury in the bottle to prevent oxidation. 

Cobalt nitrate, 145 grams per liter with water. 

Ammonium oxalate, 35.5 grams per liter with water. 

Mercurie chloride, 67.8 grams per liter with water. 

Zine sulphate, 71.9 grams per liter with water, 
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Manganese sulphate, 55.78 grams per liter with water. 

Nickel sulphate, 70.22 grams per liter with water. 

Cadmium sulphate, 64.05 grams per liter with water. 

Copper sulphate, 62.4 grams per liter with water. 

Miscellaneous Reagents. Aqua regia, mix 1 part HNO; with 
three parts of concentrated HCl. 

Silver nitrate N/10, 17 grams per liter with water. 

Magnesia mixture, dissolve 68 grams crystallized MgCl. and 
165 grams NH,Cl in 300 ce. water. Add 300 cc. dilute ammo- 
nium hydroxide and dilute to 1 liter. 

Molybdate solution, dissolve 60 grams molybdic oxide (MoQ3;) 
in 440 ce. of water and 60 cc. strong ammonia (sp. gr. 90). Pour 
into 500 ce. of cold nitric acid which has been diluted 250 cc. con- 
centrated acid to 250 cc. water. Let stand in a warm place 
several days. Decant or filter before using. 

Phenolsulphonic acid, dissolve 150 grams of phenol in 600 
grams of concentrated sulphuric acid. 

Yellow ammonium sulphide, 50 to 75 grams of sulphur to a 
liter of colorless ammonium sulphide. 

Ferrous sulphate, dissolve 200 grams FeSO,.7H20O in a liter of 
water. Place scraps of iron in the solution and add a few drops 
of H2SO, from time to time. 


DECI-NORMAL SOLUTIONS OF SALTS AND 
OTHER REAGENTS 


(From the ‘‘Chemiker Kalender,’ published by Julius Springer, Berlin.) 


At. or One H 
Hydrogen : 
Name. Formula. mol. Squivaledt, equiv. 
wt. in gms. 
ACSA OR CCG Lelenene Rem tices 3 are CxHiOe;. So COROD OSE Os emits alae 6.004 
PAM IMOMT A 6s la evs ep ee ao MEL gra ee uae ce aA OA INGHER a Se copys te nes 2 1.707 
PATTON ULM 56 scans es eicecare eh INCE ce Sa OINGEL a coerer ea mer sre hn, 1.807 
Ammonium cbhloride..... NEHACK, oL. MRE INNS Ole eee, Ono 
Ammonium sulphate.. . Ras ., |1382.22)5(NH4)2SO4....... 6.611 
Ammonium sulphocyanate He CNS. (8: 1SINEUCNS, 4 aey0ca: 7.618 « 
134 eb hte Dae aan aaa Ba eer oe LST, 4 Ol Sys Te et, Oe Meee 6.87 
Barium carbonate....... BaCOse.. IGF 4O SE Ba COs os. erieiet 9.87 
Barium chloride.,:,...... BaCle 
: +2H2O.../244.34)4BaClh+2H20..../12.217 
Barium hydroxide....... Ba(OH)2..../171.42 TReOH ) are tat reatines 8.571 
Parinim Oxide... dcp pc's bs MGC LPO GAS GAO Ge... = sia8g titan 6 2 eGe 
HS HOMO Cte scans ces oe eee AT eee ee ORO GIS ER se once ttre 7.996 
PP alciiiniee snes. wees ke (ay ese a a OP 4Ca ; eee) 
Calcium carbonate...... CaCOss oo 100 HORN OKO Bin eee web 0 5.0 
Calcium chloride........ SiNOIO. A Reena VLOVOR Ee CaCl an. = 6. ee DeOLD 
Calcium chloride......... CaCle 
+6H20..,./219.02)/4CaCle +6H20 10.951 
Calcium hydroxide...... Ca(OH) oe. | fA. CaO) se ae Saree 
Calenime Oxide wesw so. cae And Ree 56. GAO me Cen car A AS 
TORING mae ater ee aol tee ss oe SOM AOI lease wet eee dae SH O45 
Citric acid rere ete ee a Cali s0r H20../210.1 ¢CoHsOr. sO meee 7.003 
(CO OS obra Sa ae a een (Con. a eats OO ees lt OO wing te. od Sic 295 
Con mer smersat te css Ga ea ec OSzORCUbstt sete ee 3.18 
@opper oxides... 22. .s2.- CuOrert ers. Oss Ghali ©UON oe. vastness tee 3.98 
Copper sulphate......... CuS04.5H20..|249 . 76 iCuSO. Dd Oren 12.488 
Gy anoventnss tet ote ONES See BROAN: cs. hc. 2.604 
Hydrochloric acid....... | iC ier ae een SOs4OPELC ee as ats tere. 3.646 
Hydrocyanic acid....... GN Garnet DOA ELC ING ware tea teeer soto). 2.704 
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DECI-NORMAL SOLUTIONS OF SALTS AND 
OTHER REAGENTS 


(Continued) 
At. or One H 
Name Formula. mol. Hydrogen equiv 
we equivalent. aa etad 
flo dimexcars ath niet. eeoe ke hee eee oer 126 Soles Dee eee Gee 12.685 
McA CHICEA CLOSE nt oe ie C3sH6Oz1...... 90: 06 Cs HicOgs ies ee 9.006 
IMIG PA CIOS cle scotia: CiHcOme 134064 Ci bcOsone ee ine 6.703 
Masnesium-sts.50 22 teen Ce ate See ha QA 36 Mie oe eee te218 
Magnesium carbonate....|MgCOs...... 84.3614 MgCO3.... ..5.-. 4.218 
Magnesium chloride..... Nie Clo ea eee O37 26 | WiC Clare ee re 4.663 
Magnesium chloride..... MegCle 
+6H2O 203.38 AV ae +6H20). .|10.169 
Magnesium oxide........ ZO Vnyer e al AQ L363 Me Oe ee sewer 2.018 
Man Paneseria ma. ceca ea My Doe gen | el Ties ae, se eee eae 2.75 
Manganese sulphate..... NMnSOseesre 151 06)5MnSOme se. ee eee 7.5538 
Mercuric chloride....... HgClh. 271.2 |sHgCl..... Sart, Ser 13.56 
Nie e Leen sees oes chose tee INT Sie Bee gna: BS icide ail NG ee eee ween ee 2.935 
INIETIC! ACI ee. si sleek ENO ome cere 63.05|HNOs3 6.305 
INitrogens i) seein oe IN So eee 14> O4NE&. Se eerste 1.404 
Nitrogen pentoxide...... By BPR ee a TOSS eNe Orie er era 5.204 
Oxalictacide:. 0m arsis< eich He Cs Onn nes 902:02|2 HoC:Oi.2 3 eee 4.501 
Oa CRACTC eos waa cree ere C2H204.2H20.)126.06)4C2H204.2H2O ..| 6.305 
Oxalic anhydride........ CsOa irre ares 2) ONE CoO gaat. haest eae 3.60 
Phosphoric acid......... HP Oueeraccse 9803 |2HsPOr- ae ae 3.268 
IPOFASSINMa Nae seersiie cnet Piss OO FLO TIKCS 2 baat in Sr, = eae 3.915 
Potassium bicarbonate. ..|KHCOs POO RUSCH C Ose cae eee 10;015 
Potassium carbonate.....}|KeCO3...... TSS a0 (pioC Ose cree 6.915 
Potassium chloride...... 5G Gee Ore akon TAG. WRC ie i een on eee 7.46 
Potassium cyanide....... KON Gs cence GOL OLR CIN sys ae 6.519 
Potassium hydzroxide.....|/KHO....... SOL OTRGL Oe een oe 5.616 
Potassimm oxides peru. K20. 94) S31 oO eae, wpe eee 4.715 
Potassium permanganate 
for Coz estimation..... FIMO es 158,15] 1CMinOie ose 2.636 
Potassium permanganate 
for Mn estimation..... TGV Oat nee, USSR S IC Min Oz ae baie 
Potassium tartrate....... ido 226.34|/4KoHiCsOe........ JU 7 
bell Age) Seley oc kort aA ee aS BoA 0A Me EE LOTSOSIA g 3 Seto ee cae 10.793 
Silver MUGALG . <5 cs sew ae NOs iS H6OZ9OTiAGNOseiss eee 16.997 
Societe ees re ee eee Na. ce Pua COO LING = greece ars ee eee 2.305 
Sodium bicarbonate...... NaHCOs....| 84.06/NaHCOs......... 4.203 
Sodium carbonate....... Nas@Ogek oe 106. Peal NasCO3 ene, . oe eae 5.305 
Sodium chloride......... NSC So ace SS Or ING Cl oer ce Lae eee 5.85 
Sodium hydroxide....... INVELO) sh eee 4006|iIN@ EO eee 4.006 
Soda: oxides. oe ose Nias O Mer tua viee 62nd Ms N a5 OR ee ae eae SonL05 
Sodium sulphide......... Nags tects TSaLG TIN Sec oe cae 3.908 
Sulphuric acids: .4....4. EsS Ogi 98: 0S8|4 HeSOis noe. ee eee 4.904 
Sulphur trioxide......... SOsy or eae SO [OG SOs. te ee ee 4.003 
Tartaric acid.2k . cs «eee CszHcOs.... =. ae Ge i CuHsOs cn eh a eee i008 
TUTOR ie, 2 Bee eae eee Pi Gia Whee AM Wes Apter Doatn. Cela. 20 
Tine sulphate... «+... ZnSO.4.7H20. O87. 6 3Zn 801.7 HeO 3 2. . 14.38 
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DECI-NORMAL SOLUTIONS OF OXIDATION 
AND REDUCTION REAGENTS 


(From the ‘‘Chemiker Kalender,” 


published by Julius Springer, Berlin.) 


At. or One H 
Hydrogen : 
Name. Formula ne equivalent. ne 
FAM UIOIY. shot saeicat eo Siac cary a cose Le 20 Ree pO Dsweeteea es oe ays 6.0 
CAT REMC HAAN Se: tae kes ais PASS ted tate rt ale area. 75. SA ale Se Bee, acters 3.75 
Arsenic trisulphide.. . |AseS3........... 2AGHI SIF AsoSa. a es. cle 6.1545 
Arsenous oxide...... SoC) a ust sotene cia 198, PASO Sa Ay ote eee 4.95 
Barun peroxide. <*)(/BaOQe.s 2.3... 6. LOON4 TE BaO on te.cer eee) es 8.47 
Barium peroxide, hy- 

GinaLeGi ie. nasi ne pe +8H2O..../313.56|/4BaO2+8H20.. .|15.678 
C@aleinrie de eae oak, ootneuecd wee bs 40. Caan tte. shee 20. 
Calcium carbonate... CacOs Hae eee Beas 100. TCaCOc eu tecaee S20; 
Calcium hypochlorite Cai( ClO) oss ae toe E2697 13 Ca(ClO)s.. no 6.345 
Calcium oxide....... CaO ae take bee Dower |e CAO ae came eas 2.8 
(Cilmi aya a(e Sees ee tee ae ee (OTREE Pret tet cnet Pe Boos 2 ss Gal te pe ee Poe Rr ss 3.545 
@hromium,; trioxide™.A\CrO3. 3.4% 2s. 5.3. LOOMS CTOs) tps ace Srok 
Ferrous ammonium 

SIND Atess. sho os, b7 a ea ei ye as 
: Hb OSs 6.53 92.4 = GIR ON oS ac er 24 
_Hydroferrocyanic 

CEN rs sate fs Ost Neg NE HuWe(ON ex eee 216.28|HaFe(CN)e6....... 21.628 
Hydrogen peroxide ..|H2O2........... SACO |S oOo, Sisal jena 1.701 
Hydrogen sulphide...|HoS............ SA OSs HoS ers once See 1.704 
Hodes 23. sees ee eS EEF Bias A Ragee oe Pek 126) SO eden es Acta Sas hoe 12.685 
WE OUI ee ae ee eas HER edie. ie oe DO ne Ga aAhs Snr aes 5.6 
Iron oxide, ferrous. Bee et cee 28 (Ps ReOreree Sige. weer Cae 
Tron oxide, HETMIC ee ey ECO) s eee sers eae 160. +E CoO) Spek soto alae 8.0 
Lead peroxide eae ee Ph Ose syria Or he Pe ERO ONe he ae cers 11.945 
Manganese peroxide .|MnOsz.......... Opty a WA) os aoe tre die sere 4.35 
INGERICEACIC Se iene Soe: EEN © gaye eee oe: CSCO PERN Oar atts ere ZalO2 

Nitrogen trioxide:. ...)NoO3..-....... 76.08|/4NeO3......:..... 1.902 
Nitrogen pentoxide. .|N2Os..:........ TOS? O8/2N2O5 S02 ee se 1.801 
@©xalie acid a2.) 642055 i@olls Ogee toon O02 021s HsCsOn en 2. os 4.501 
Oxalichacidmess foo C2H204.2H20 126.06|4C2H204.2H20... 6.303 
ORCI ates wees. ens | Oe Soar latiaern at ee ROME s Ose eaten Men SS ee 0.8 
Potassium bichro- 

TUNE N Rete Rn KC roOvee ae eee 204 ons KoCrOra. ehanane. 4.908 
Potassium chlorate ..|;KCIO3......... 12246 LO) stents tea Wad 8 12.26 
Potassium chromate. |KeCrO.u......... 194,45 |e KeCrOn on ese 9.72 
Potassium ferrocyan- 

NG Kei Ss ena Ont eae KuFe(CN)e..... 368 104 | KubeCONi)e. .. ... = 36.884 
Potassium ferrocyan- 

CLO es eee eit es KaFe(CN)o 

3 HeG) 25m esc 422.9 pees +3H20 |42.29 
Popassrunm rod deste ee} TD oh. nig eke ones ae GO tee EC Tie er a ae pee 16.6 
Wotasshini nitrate. as | KONO3.) Gs on es 101.19 ENO. SOD ERE wt SA Suave 
Potassium perchlo- 

MAG CH espa sats aesek ee 5G GAO emine Fe LSS. OnlClOw aie eras 13.86 
Potassium perman- 

PAMAbe at nee ae, ae GIVE ©) tie es TSS HLF ROM Oss obo aes 3.163 
Sodium chlorate.....|/NaClO3s........ LOGS aIN ACO sa aay er, o 10.65 
Sodium nitrate...... NaNOsie ee ta. Soe Oais NaNO sae sere eee 2.836 
Sodium phosphate, 

SCOMb EE gist rents me NazHPO.s 

+1200... =. 358.35|/4NaeHPOs. eae ee 
Sodium thiosulphate. | Na2S203 +5H20O . |248.32 NaS.Os -|-5HeO. 4.832 
Stannous chloride .../SnCle.......... 189.4 75nCle. Svein nits s Me seey ez “O47 
Stannous oxide...... SUNOS 8 hea cee ee 134.5 i HOMO netetes grea: 6.425. 
Sulphur dioxide..... DO pera eres Seat: GA, OG ES Ons ae sha td ends as SATS 
4 bibs ks Cae Ss ge on ed ee Sa tee eee sc ee, PR Sela Siiesete (teat. come 5.925 
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SOLUBILITY CHART 


3/6 
¢ | |SIB} |e 3 
3 cal 

; ee as 3} 3] 6] 3/2] o| 8] 8] 6/3 i Pie aes =) Ro ges 
$}s| 2 3]3] 8] 3/3) S]51 8) 31573] | S/ 4! oe] S/ S131 8 
8) 3) 8| sl 810] 81.8] 3] Sle] Sl S| 31s] S| Sig) a) S|) Slee 
Olwm|l m| | Ol Blois} B] Sl ala 4S Neileey aOs} oS a 
o|4| 4] 6] &| 8/4] ] 4] &] 6] 0] 2] |S) El eK) c/s) Sis] a 
AIA) S/O MAIOlO/OlOlOl ele Eel\4ZlOlo|ala| alala 
A ere Wial..| A}W]..;]WI/W]..]..}..] wi TD | A}W] Wi] Al} A} Ala |W) AW 
NHag... .|W|)/W/W/] W/W) W/W! Wiwl/Wwiwlwi|wiw\wiwiwi..)wi..)Wwlwiw 
Sis cos cbc sesh Ge AD ahve wt ee well 2 WWE SW eh AG A rug vata ae 
Ba. |W] A] A} A|]W) A} W/W] Al wl] wi w) a} Wiwi Ww] AlW] Al A} TW] A 
BY Rehr we W|Al..} Al w] A|}W] wi A] wi..| w] A} A} AJ W] Al} A] AT.) Wy] ATA 
Cd....|/W| Al. .| w)/W] AlW|W!] AJ Al Al. .| w} A]W/W] A] A} A} A} W) Al w 
Care W! Al Al wi/W| Al W|W]| wi W/W|W| a | wi W| Wj Aj wi Al Al A}W/ A 
Grice. W| A!..| A}W!]..] W/W] Al Al. .]..)/W] ATW] WI wi] A} Al A} W] ATW 
Co.....|/W] A} A} AJW| AJW| Wj Al a}I} I] w} A}Wy Wj A} A} A} A} W| A} W 
Cu....|/W] Al A}W|W] A|W| W/W] Al IT] 1] A} A}W) Ww] A} Al A} A} W] AlW 
Au Noe eda {he te een 4 WWE Saal) args] WETS ay | ACH Se tte eT Re Lei TGA TRG 
EIS Sewer WIW!..|W/ Ww]. .|W)| Wy]. .)/W)W..wl Ww) wl) wi wi] wil wi wi wi ws wliw 
Fe’’....)}W| A} A} AJW} AJW|W]..}a} I] 1] w) APW|W) A} Aj] Al A] W] Al w 
Fe’. ..|W| A} A] A}W]..| WI) WIW]..;W] 1) Ww) ATW] Wy] A} A} Al A] W) AlW 
Pb.....|/W] Aj A] AJ] a} AJW|a]aJ| A} w] A} A} A} w)/W| A} Al A] Ala] A} A 
Mg....|W| A] A] w/W} A|WIW/WIW/WIW!/ a] A}WiW| A} Al} A] A} W] A}W 
Mn...:|W| A} A] A}W| AJWIWI|W/W/ TL] A} A} A}W/W] wi] A} A} A] W) Al w 
Hg’....| w] A] AJ..}a]| A|}W) a} A} AJ..}..);W]..| A}W] A} Al Al. .| wi Al w 
He”’...|]W| Aj Aj..|W] AJW|W| wi] Aj A] A] w]..] AJW] A} A} A}. .];W] ALA 
Ni.....})W| Al} A] AJW] AJW|W] Ala} I/II] w) A}Wi Ww) Al AJ A} A}W] Al A 
er es WWI WW! WwW) WI WW Ww Ww WE WW WW | WW 
Ag. Tow GA} AL ALT 4 ALW | TA Woe et PAG) Al AC AGT oer a 
Na....|/W|/W/W|W!| W/W) W|W) WwW! Wi wl wl wi wi wi wi wwii wi w| w| wl) w 
Sn’"",, |W Ale]. Wh TW ee pe | EW AW we WAT AL WwW A 
Sn’”..../W] A} A] AJW]..;WIW/ A aon WE) AIT A AA eV Alea 
Sry W| Al A} A|W] A|WIW| w] A}W/W) a | AJWIW} Al w] AJ AJ] a |W] A 
Zn. |W] Al A] A}W| A|W]W{W] A} A] IT} wl AJW]W] A} Al A] A}W] AL A 

W Soluble in water. 


A Insoluble in water but soluble in acids. 

w Sparingly soluble in water but soluble in acids. 

a Insoluble in water and only sparingly soluble in acids. 
I Insoluble in both water and acids. 


SOLUBILITIES 
In Grams per 100g of Water 


Temperature, Deg. C. 0 | 10 


-Boric acid, HsBO3.....] 1 2:5 U3 e175 22 eee 
Mercurie chlor.,HgCle.| 4.5] 5 17.5| 24.5) 37.5) 54 
Potass. sulphate, KeSO.| 7.5) 10 17.5} 19.5) 21 | 22.5) 24.5 
- Potass. chlorate, KC1O3| 3.5] 5 19.5] 25.5) 82.5] 40 | 47.5) -55.5 
Potass. nitrate, KNO3.| 13.5} 17 110 -}140.-|167.|~- , 
Sodium chloride, NaCl.} 34.5} 35.9 .9| 38.3} 38.7} 39.1] 39.5 
Potass. chloride, KCl..} 28.5} 31.3 -2| 48 | 50.7) 53.5) 56.3 
Bar. chlor., BaCl.2H20! 32.5} 33 D042 68S ebr-- | OB 


Ammon. chlor., NH«4Ci.| 29.5} 32.5 60 -|-65.81°72 | 722 
>¢Lead nitrate, Pb(NOs)2| 37 | 44.7 97.5|106.5)116.5|127 
Potass. bromide, KBr .| 54.5} 60 ; .7| 85.8} 90.7} 95.5} 100.3} 105 
Sodium nitrate, NaNOs3| 72.6] 80 135.8} 149.5) 162.5/181 
Aluminum sulphate, 
Ale(804)3.18H20.. .| 87 | 92 {105 i 
Potassium lodide, K1..|128 {136 |144 7-175 -|184 {191 199 
Silver nitrate, AgNOs..}/115 [177.5 
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INDICATORS 


R. T. Thomson’s table, showing the hydrogen atoms replaced by NaOH 
or KOH when a compound neutral to the indicator is formed. The blank 
spaces indicate that the end-reaction is obscure. 


(From Cohn’s Indicators and Test-papers, John Wiley and Bons, pub- 
lishers, by permission.) 


Methyl- - . 
Acid Formula orange peo P fig Seis ta 
Cold Cold Boiling |Cold | Boiling 

Sulphurie. 2 4.5 . H2SO4 2 2 2 2 2 
Hydrochloric. . HCl 1 1 1 1 1 
INiGTIO a ee HNOs3 1 1 1 1 ik 
Thiosulphuric. ..| H2S2O3 2 Be 2s 2 » 
Carbonic..:.... H2CO3 0 1 dilute 0 i; 0 
Sulphurous..... H2SOs3 1 2 a bi us 
Hydrosulphuric..| HeS 0 1 dilute 0 ect 0) 
Phosphoric..... H3PO, 1 2 os ei ae 
Arsenic.........| HsAsOa 1 2 aap 
PATSENOUS ans o H3AsQO3 4 an 0 0 
INSEROUS So ees HNOsz indicator 1 1 

destroyed 
Silicic . eres ELaSiO 0) ae = 0 0 
BORO ie Lene H3BO3 0 ~ ae af 
CONROIIG ens HeCrO, 1 Zz 2 a ae 
ORANG tea iena HeC204 ne 2 2, 2 2 
PACOtIG wets 088 HC2H302 1 Pe 1 |nearly ay 
Bmtymens: axes: HC4H702 il ; 1 |nearly 
SuCHIG=— 5 22. HeCsHs01 2 : 2 |nearly 
BAGUIO Ae tienes HCsH;03 1 il 
arbari@stsc. oe HeCsH10¢ 2 2, 
OiGTIOS eee H3CeHsO7 3 see 


TABLE OF INDICATORS 


Water has a concentration of H* ion of 10-7 and of OH ion of 1077 moles 
per liter. Due to hydrolysis the composition of a titrated weak acid solution 
is basic and of a titrated weak base, acid. A truly neutral titrated solution of a 
strong acid or base has the same concentration of Ht and OH” as water. 


Color OH” concen-|H* concen- : : 
Indicator —__—____—_——| tration at | tration at For big a 
Alkaline} Acid change change 
Benzopurpurin.. .|Red Yellow 1 10-4 Very weak acids 
Trinitrobenzene..|Orange |Colorless 10°14 10 38 Very weak acids 
Thymolphthalein.| Blue Colorless 10 4 10 10 Weak acids 
Phenolphthalein*.| Red Colorless 105 10 9 Weak acids 
Cachineal. ..:... Lilac |Yellow 10°38 10-6 Getuae acids or 
ases 
FEN CTS a aneiaet: Violet |Red 10°77 107 Strong acids or 
bases 
Congo red % 43... Orange | Violet 10°8 10 8 cies acids or 
ases 
Methyl red...... Yellow |Pink 10 °8 10 6 Poppe acids or 
ases 
Rosolic acid..... Red Yellow 107 107 pee acids or 
ases ; 
PA LIV ATIENEY Movi: 2 oo: Red ~~ {Greenish 10 3 105 Weak bases 
yellow 
ied orange**.|Yellow |Pink 10 9 10-5 Ammonia and 


weak bases 


* May ‘be used in the presence of weak bases. ** May be used in the 
presence of carbon dioxide or hydrogen sulphide. 
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To facilitate the use of the table the group of substances weighed given under each’ 
element as well as the substances sought under each substance weighed are arranged 
in the alphabetical order of their formule. 


Weighed 


Aluminum: 
al 


AIPOg eS: 


Ale(SOa)3 
Ale(SOa)3- 
18H20 
250s: 
Ale 
(SO4)3- 
24H2O. 


Sought 


KeSO.- Al, 
(SOa)3- 
24H2O ... 

(N H4)2SOz- 
oe : 


AlsOs 
AlzO3 


AlzO3 


NEHGBrs. . 


Sec wi fe) 


Factor 


Loga- 
rithm 


pee Or CooCoocorCco 


8856 
5070 
. 38282 
. 53033 
6122 
3897 
.3501 


.§232 


.8739 j1 
. 22193 
.41841 
.58175 
. 29850 


. 15330 


. 10769 


. 2860 |10 


© Omoooe 


co 


. 11269} 9 
.7190 10. 


.90813] 9. 
.49592) 9. 
.3440 |10. 
.52166] 9. 
.37323] 9. 
.61752) 9. 
. 56608) 9. 
. 2258 |10. 
.50874| 9. 
.5087 10. 
.4669 |10. 
. 1425 |10 


.06936} 8. 
.07347| 8 
.10607} 9 
.2153 |10. 
.2877 |10. 
8187 |10. 


10 


27545 
. 65389 
. 98300 
. 72455 
. 41700 
. 37834 
. 52506 


81446 


. 96791 


. 94811 
. 34621 
. 62166 
. 76474 
47494 


. 18554 


.03218 


. 05186 


23526 


95815 
69541 
12841 
71739 
57198 
79065 
75288 
08843 
70650 
17861 
16641 


05782 


84116 


86619 
02559 


08477 
10980 
58191 


Weighed 


Ammonium: 


Oat a 


NHaBr.. 


NEGO: 


(NHa)2 
COssF- 

NHiHC 
Osa. 

INGE ee 


NHaNOs. 


(NHa)20. 
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Sought Factor sted 
—-10 
HiNOs..:} 5.7138 |10.75693 
(NHa)2O...| 1.8587 |10.26920 
(NHa)2SO...| 4.7161 |10.67358 
MgNHaP 
O4-6H2O. |14.4160 |11.15884 
ING eee 0.82268} 9.91523 
NHGCl = 3.1415 |10.49714 
(NHa4)2CO3 .| 2.8207 |10.45036 
NH«sHCOs..| 4.6413 |10.66664 
‘NHaNOs...] 4.6994 |10.67204 
(NH:z)20...} 1.5288 |10.18435 
NH,OH. 2.0577 |10.31338 
(NHa)2PtCle 13.0372 |11.11518 
(NHa)2SOx..| 3.8787 |10.58868 
NoQsiaeee ae 3.1714 |10.50126 
Piste yore 5.7311 |10.75824 
SOL Eras aoe 2 .35020/10.37110 
Claas 1.9656 |10.29350 
MaN HPO. 
-6H20 .. .}13.6085 |11.13381 
espa: Seen 0.77660) 9.89020 
ING Olea ae. 2.96560/10.47211 
(NHa)2PtCle}12.3068 |11.09015 
PC See ee 5.4101 |10.73321 
| Agias aoe 1.1011 |10.04185 
AoE rae See 1.9169 |10.28261 
Br. 0.81577} 9.91157 
1 Se 2.0164 |10.30459 
Agee cae 2.6793 |10.42802 
Close eee 0.66281) 9.82139 
HCl Sea 0.68169) 9.83359 
IN Sigh eet 0.26187] 9.41809 
INET Fee aes 0.31831} 9.50286 
IN Eee 0.33720} 9.52789 
(NHs)20 0.48673] 9.68729 
NH4O 0.65516) 9.81634 
(NH) 2PtCle 4.14995/10.61804 
eat Ge eh 1.8243 |10.26110 
INGE gett 0.35460) 10. 54974 
NHs. 0.21543) 9.33331 
Aan. eae 0.74403] 9.87159 
A OTe ay auee, 1.6194 |10. 20935 
ieee ice 0.87535] 9.94218 
INUH3 2 roeehe & 0.21274| 9.32785 
(NHa4)2PtCl6| 2.7735 |10.44303 
IN2O57aeene 0.67470) 9.82911 
ease 1.2193 |10.08609 — 
MegNH4PO, : 
6H2O...} 9.4279 |10.97441 
IN eater, cnet 0.53802} 9.73080 
DOs Piet Bee 0.65418] 9.81570— 
IN EEC os: 2.0545 |10.31271 
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GRAVIMETRIC FACTORS AND THEIR LOGARITHMS 
(Continued) 


Weighed Sought | Factor Logie Weighed Sought | Factor Loga- 


rithm 


Ammonium —10 |/Antimony: —10 
(NEL)20. (NHa)2PtCle a 5260 |10.93075)|; SbeOs....|SbeSs...... 1.3894 |10.14283 
INe Ors a srs 2.0741 |10.31683)} SbeOu....|/KSbOCsH, 
PGs ee rie 6 3 “7489 10.57381 Os-4H2O.| 2.1886 |10.33917 
NET OED SSINGS SS ove ence « 0.39971} 9.60175 tS] Ob Saher ee 0.78975) 9.89749 
INSETS Aes eh ce 0.48599) 9.68663 Shs@s= ara 0.94746} 9.97656 
ae Merete 0.51475| 9.71160 SbsOaiise eo. 1.0526 |10.02225 
eae 1.5264 |10.18366 SbeSs.....-.]| 1.1057 |10.04364 
Nilo 6.3343 |10.80170 Sb2Ss./ 0... 1.3164 |10.11939 
nea ee 2.7846 |10.44476]| SbeOs.... Ae Vides a aeOecoust elie: 
~ SbeOs. eee, 0.90014) 9.95431 
aoe” a Neyo. 0.07670] 8.88482 SbzO4. ..... 0.95006) 9.97775 
INET eso: 0.08126! 8.90985 SbeSs....... 1.2506 |10.09712 
NH,Cl,.... 0.24097| 9.38196} SbaSs....|KSbOCsHs 
NHuNOs. ..| 0.36054} 9.55697 O6-7H20.} 1.9748 |10. 29553 - 
(NH,)20 0.11721) 9.06925 ie eke ross 0.71424) 9.85384 
HuOH.. 0.15787! 9.19830 Sh203.55.-. 0.85685) 9.93290 
(NH,4)2S0.. . 0.29759! 9.47362) see ieee pate f es 
(NH Je DR Ds ele) whe) si 3 é 
SOc yeBasOes...| 1.7665 10.2461) PP: -*-1ED. 4.» Dae hie eer 
sid >....| 0.74224] 9.87054 SbsO a a 0 "75967 9 88063 
..as...| 0.21207] 9.32648 eee Ca ; 
ite Sb2Os. atc 0.79960} 9.90287 
inet ee 0.25782) 9.41131 Arsenic: 
NHBC 3.3604 |10.52639 ‘As =74.96 
tee eeeees 1.4772 }10.16944) as |AgseOs.....| 1.3202 |10.12063 
505 Senor 0.60587] 9.78238 See 
Asan ae, chars 1.5336 |10.18571 
N2Os NH3 U aaried ot wae 0.31531 9.49874 AsoSs3 1 6415 10 91524 
NHaNOs. 1.4821 |10.17089 PA Satine ; . 
URES Bed os toes 2.0692 |10.31580 
tne oe INU se eae ee OMIA S9 OP 2ET 76a ae ey ings ee Cycle . : 
MegeAseO7..} 2.0715 |10.31629 
4NQOz 0. 9.9139 10.2 
(NH)0. >| 0:26680| 9742619) 4.0, |ASQrtHs0.| 1-9p27 110. 28405 
EO: 0 .389913 9 .55524 kat oe eee 1 . 1616 10 06508 
ee 280s. 0. 67695] 9.83056 AsoSs3 poe? a 1 : 9434 110 : 09461 
SOz Patecia ict 8S iearicecnomORG 0 .42554 9 A 62894 ‘AgoSts. ei é : ‘ 1 "5674 10 ; 19518 
(NH):80«.;| 1.6505 | 0.21762 BaSOs..... 3.5382 |10.54878 
ee mony: ; Sees 1.5691 |10.19565 
=120. g 4As 
ne aC Ou: }H20 pee EA 
406: SOO tes VA ie coca ov sae 0.65 ; 
2H20..|Sb........ 0.36168} 9 : AseSs3......| 1.0704 |10.02955 
SbeOre Laws 0.43390} 9 INSoS bi asieeei crs 1.3493 |10.13011 
oe ce Bes | PEE 
Pek aie enans o : goaAseO7. .| 1. : 
Sie ches. KSbOCsHa4 MegNHa,As 
Os: $H20.| 2.7649 |10 O4'4H2O0.} 1.6556 |10. 21897 
SbaOsrse savas 1.1997 |10 ASO seni Bas Ose ads 2.8476 |10.45448 
SbrOeea-a 1.2662 |10 Meg2As2O7 1.2629 |10.10136 
Sb2Os.. .... 1.3328 |10 MgNHaAs 
SbeSs...... 1.4001 |10 Ou: 4H2O.| 1.5479 |10.18975 
OLS Y Sit eameeiee 1.6639 {10 AsOi, 2 BasOd 262 2.5198 |10.40137 
Sb2O3... tO. tS Vea 1.1175 |10.04823 
6° 4H20.| 2.3047 |10. MegNHaAs 
SDenatecteen (sOlsaenDl= 9 Oz: 4H2O.| 1.3700. |10. 13672 
Sb2O4...... 1.0555 |10. EXGIOS se ct tAS eta een ss 0.60918 9.78475 
SbeO5se cee: 1.1109 |10. AsoO3 5. 3.03 0.80423) 9.90538 
SbeSs...... 1.1671 (10. AspOg Gach cos 0.93425} 9.97046 
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GRAVIMETRIC FACTORS AND THEIR LOGARITHMS 


(Continued) 
Weighed Sought Factor ioe) Weighed Sought Factor Loge: 
a 
Arsenic: -10 ||\Barium: —10 
A saSaut sh. CIA Bs =. oak 1,2605 |10.10054/} BaSiFs.../Ba........ 0.49118] 9.69124 
MegeAseO7...| 1.2619 }10. 10102 Bakes 5. in 0.62705) 9.73909 
Aseel te SUAS ves coals 0.48327| 9.68419 BaOres. icc | 0.54839] 9.79730 
gs Oneni. as 0.63800] 9.80482]| BaSOu.../Ba........ 0.58849] 9.76974 
As:Os...%.. 0.73715] 9.86756 BaCla....2:. 0.89230] 9.95051 
Basu. 21Ag oe 0.21408] 9.33058 BaCly:2H20| 1.0467 |10.01982 
ApOge oO. 0.28263] 9.45122 BaCOn.s 0.845541 9.92713 
As:Os.....; 032832] 9.51630 ‘|Ba(NOs)s...| 1.1198 |10.04914 
AG Opec’ as 0.35117] 9.54552 Ba: bso 0.65703) 9.81759 
AsOr bee 0.39686] 9.59864 BaQo tes. 0.72557| 9.86068 
MgeAs.O7|As........ 0.48273] 9.68371 Beso tee 0.72583] 9.86083 
Ages, 0.63730] 9.80435] COe..... Bad. Lett 3.4853 |10.54224 
AS One ie 0.74033] 9.86943 BecOw 4.4853 |10.65179 
AS Osh ete iets 0.79183) 9.89864||Bismuth: 
EOS 3; 0.89490! 9.95177/| Bi=208 
CS eae 0.79244] 9.89897]| Bi....... BisOs, Refit 1 1154 10.04743 
Manis aes BisSs ee 1.2812 19.0903 
S, iAsOs. .|Bi.........| 0.59948] 9.77778 
8 Yas] MN gab BP Bags) can gt 
1 3)3 ‘ 
Cg ee Fo oaael O eetoa|  .-BEaO, [BisOe; « «c*. | Gregan eaune 
AsO. eet? on 0.72993 9 86328 BiOCl ee eae 0.53594 9.72912 
Seed i eed a ; ‘ BLOs CHB eee 0.89654| 9.95257 
Barium: RiOClsce 1.1184 |10.04858 
‘137 37 ao. 2.0867 |10.31946 
Aekicae BaCQse ne. 1.4368 |10.15739 BiONOs.. 1.2328 |10.09090 
BaCrOs 1,8457 |10.26604) BiOCl. ..|Bi........ 0.80166] 9.90399 
Basile... 2.0359 |10.30876 Bi(NOs)s- 
BaSQO:...., 1.6993 |10.23027 5H2O....| 1.8658 |10. 27088 
BaCle BaGOs a... 0.94757| 9.97661 BiOs42 5 0.89417| 9.95142 
BaCrOs 1.2170 |10.08526 BiONOs.. .| 1.1024 |10.04232 
BaSOu..... 1.1207 |10.04949 BiONOs. .|BixOs...... 0.81115] 9.90910 
BaCh-2 BiOCl Ak 0.90715] 9.59768 
HO... |BaSOs..... 0.95524] 9.98019} BieSs..../Bi..:...... 0.81221] 9.90967 
PaCOweetBaek fo wes 0.69610] 9.84261 BieOs cai 0.90593] 9.95709 
BaCh. 1.0551 |10.02339| Boron: t 
BaCrO;....{ 1.2842 |10.10865|| B=11 
Ba(HCOs2)9.| 1.3142 110.11867]| -B.....-. Bin 3.1818 |10.50268 
Obs res 0.7707 | 9.89046 KBreeee 11.4640 111. 05933 
BasOr: o.3% 1.1827 |10.07287|| BeOs..... Bre. ers 0.31428] 9.49732 
EO ee eae: 0, 22293) 9.34817 HsBOs....: 1.7721 |10.24849 
BaCrOs../Ba......:. 0.54195] 9.73396 KBPS. A634. 3.6029 |10.55665 — 
BaClh, -| 0.82175| 9.91474! NaeBuO7- 
Bac Ose eker 0.77866] 9.89135 10H2O...| 2.7297 |10.43612 
BaOce esa: 0.60507| 9.78181] HsBOs...|BoO3....... 0.56430] 9.75151 
BaF2....|BaSiF’s ....| 1,5948 110.20270) RE an 2.0331 |10.30816 
Ba(HC RRP ie ee ot 0.08723] 8.94068 
Os)2. ..|BaCQs..... 0.76090! 9.88133 1: hea ee 0.27755| 9.44335 
Ba(NOs)2|BaSOs..... 0.89303] 9.95087 BeBOu ee 0.49186] 9.69184 
BaO ae: aOOs.. or. 1.2869 |10.10954 NaeBuO7- 
BaCrOs....| 1.6526 |10.21819 10 H2O ..| 0.75765] 9.87947 
Besiite sass 1.8235 |10.26091||Bromine: 
Basie tec: 1.5220 /10.18241|| Br=79.92 
CDgr ee 0.28689] 9.45771/| Ag...... echt: tee 0.74083] 9.86972- 
BaOz....|/BaSQ...... 1.3782 |10.13931 Bre: =, 1.1858 |10.07400 
Bae oe HaSOi. oc: 1.3777 |10.13915 TEBE Bice 0.75053] 9.87537 
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GRAVIMETRIC FACTORS AND THEIR LOGARITHMS 


Weighed 
Bromine: 


ABE. 3 


Sab. Braet 


"1CaSOu 


oe em eee 


CaCOs... 


Sought 


CdCle 


© © eae 6 


eee we 


see eee 


Ce at ars 


Factor 


CROC OH ROR RRR OCOOCOOCOCOrFCOOCOR EH e 


(Continued) 
Loga- : 
nithm Weighed 
-10  ||Calecium 
9 .62896|| CaCOs 
9. 83324 
9.63461 
10 . 13029 
10.37104 
9.00038 
9.92600 
10.16676]| CaFs.. 
10. 12463 Ca(HC 
10. 36539 Os)2. 
10. 99962 
Ca(NOs)2 
BOG aa 
10. 21239 
10.05780 
10.10897 
10. 26825 
9.78761 
9.84541 
9.89654 
10 .05580 
9.67708 
9.73488 
9.78600|| Cas(POs)2 
9.94534 
9 . 94220 
10. 15459 
10. 26512 
10.05119 
10.21045)| CaS..... 
9.89102]| CaSOa 
10. 10346 
10. 21394 
9.94882 
9.73174 
9.94419 
10.05465 
9.78955|| CaSO.: 
2H2O 
9.48996 
9.76580 nie 
9.86777 
10. 44246 
10.39748|| COs... 
10.14591 
102 53013) (OiCH 75.23 
10. 24795|| MegeAseO7 
gO.. 
9 .89207|| MgePsO7 
9.55754|| (NHa)s 
9.95502 PO«: 
9.70345 12MoOs 
10.08867|| NeOs... 
9.80549} PsOs..../C 
9.60252]| SOs..... 


.|CaCle 


CaSO 


Ca(HCOs)2. 


Fa) & 0 eee 
see reese 


MgP20;... 
— 12Mo03.. 


see oe 
SAND Scare 


eat ee ee Sat 


se eee 
eee eaee 
Se 
Sd Sr a: co 


Cas(PO;)2. . 


.|CaCNOs)2... 


POs). . 


5 Balk So Tes Ja, Fa Se 


a3( 
CaO 


GRAVIMETRIC FACTORS AND THEIR LOGARITHMS 


Weighed 
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Sought 


Calcium: 


SOs 


seeee 


eeaee 


Seco’ [6 "e) ee) 5 


bonate. .. 


bonate... 


tod 
CaCQ3...... 


FeCOs3 


NHiHCOs. . 


sewer 


(Continued) 
Factor haa Weighed Sought 
-10 ||\Carbon: 
1.7003 |10.23053}| FeCOs...]/COQe....... 
Fe(HC 
2.1504 |10.33252 Os)2 (CObe einer. 
1.2418 |10.09404 CN aaa ess Coe 
IA pCINGE Scan 
AWGN jee A oe ten 
AG ON aL. 
0.25049} 9.39879|| KeCOs3.../COe....... 
0.60359] 9.78074 KA COs &)|\COnaean ee 
0.20182} 9.30496]; KeO..... COsn ae ae 
0.48631} 9.68691 LizCO3 COz. 
0.06082) -8.78390|| -LiaHiCOs..1CO2.. .. .-. 
0.22295) -9:-34819]) ~hisO:.- 4. CO2. 
0.30402) 9.482901] MgCOs../COe....... 
0.28692) 9.45776]} Mg(HC 
O3)o2 SHCO> ne ae 
0.57384] 9.75879|| MnO..../COs. 
16.4411 |11.21593)| NaeCOs..|COe....... 
3.6656 |10.56414)| NaHCOs.|CQOo....... 
0.43972) 9.64318]] . NaedO. COp ssa 
(NHa)2 
0.54295} 9.73476 COs <cral CO eee 
0.78482) 9.89477]| NHa 
HCOse| COs sneer 
ol .5696 |10.19579}| PbCO3...|COz....... 
4.4863 |10.65189]/ SrCOs.../COe....... 
2.9473 |10.46942 Sr(HC 
3.4853 |10.54224 Qs)2 COs oe 
0.27281| 9.43586]} SrO..... COjt aaa a 
2.2742 |10.35683|\Chlorine 
1.8416 |10.26519]} Cl=35.46 
1.2742 |10.10524)) Ag...... 0) bs Reo 
1.3636 |10.13469 156) bees sy 
2.6325 |10.42037]| AgCl BO) ie ke eRe 
2.0210 |10.30557 POW o ate 
3.1407 |10.49703!! BaCrO, .|Cl......... 
2,275 LOneoc00| len @an ne Oly 2a ee 
2.1407 |10233056i (CL?.e, = NG aaa hice 
1.6790 |10.22505 [Ao Gl perenne, 
1.5443 |10.18873 BaCrOz 
0.67901) 9.83188 Be tacit 
1.9163 |10.28246 Gee. 
166628, )| LOR 22084 ie Sars) career oy, ees 
0.91626} 9.96202 iG ok Mx es 
2.6119 |10.41696 iA keane 
2.0106 |10.30333 ME oh Fre 
1.6119 |10.20734 MgCh..... 
2.4089 |10.38182 MnO. ear. 
1.9092 |10.28085 IN aii eee 
1.4089 |10.14888 Na @liserice.« 
2.1836 |10.33917 INU 
1.7965 |10.25443 PbCrO. 
6.0720 OE 78334) se Cla. Ate Seles ei 2 F 
3.3550 |10.52569 Ae Cle eh ne 
2.3822 |10.37698 INFECT se 
3 .3550 |10.37199 (NHs)2S8O4 
3.2892, 10/51 7091) GI, yee CES Boy 
0.73336) 9.86532]| KCI2..... UCL hed i are ae 


94 


Factor 


. 37986] 9. 


.49481] 9. 
.9922 110. 
.9549 |10. 
. 6568 |10. 
.0563 |10. 
. 31840 
.43954 
.46714 
.59559 
. 64756 
A727 |1 
.52185 


. 60139 
. 62035 
.41512 
.52378 
. 70976 


.45796 
.00664 
. 16469 
. 29807 


.41978 
42463 


oo ooo o WOOoowo WCOOowonoooeo 


32870] 9 
33796] 9 
24738] 9. 
25435] 9 
27988] 9 
-7699 |10 
0423 |10. 
0423 |10. 
-5730 |10. 
56500} 9. 
0284 |10 
1027 |10. 
1026 |10. 
19579] 9. 
34292] 9. 
3430 |10 
2257 |10 
-64862| 9 
6486 |10. 
-50874| 9 
.5572 |10. 
9590 |10 
9316 |10. 
4669 |10. 
8116 |10. 
90691] 9. 
-47558| 9. 


a a nnn enna nen eee ee 


Loga- 
rithm 


0 
57962 


69444 


60121 
69503 
21927 
31309 


. 50297 
. 64300 
. 66945 
. 77495 
. 81128 
. 16711 
71755 


. 77916 
. 79264 
. 61817 
71915 
85111 


. 66083 
. 74557 
. 21667 
47432 


. 62302 
. 62801 


39337 


. 40543 
.44697 
. 24795 


48320 
60663 
55303 
75205 


.01216 


04244 


.51680 | 
. 52886 © 


* 


32277 - 
29162 
53519 © 


. 12805 
. 08840 
81199 


21712 


. 70650 


65870 


.47114@ 


59457 | 
16641 
25806 


95756 — 


67723 | 


| 
. 
i 
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GRAVIMETRIC FACTORS AND THEIR LOGARITHMS 
(Continued ) 


Weighed Sought Factor are Weighed Sought Factor Loga- 


Chlorine: —10 Cobalt: —10 
Eres 2 Olde Sree 5 .10947|10.70838|| Co(NOs)2 
Res ih ee eee 2.9162 |10.46481 GEO ioe. na. 0.20258 9.30661 
MipCi eC)... :. 0.74465} 9.87195|| Co(NOn)s 
Oe eile eos. 0.81583} 9.91160|| (KNOz)s|Co.....;.. 0.13037] 9.11517 
Na. os.2, Chega es: 1.5417 |10.18801 BaOs Fer ee 0.16574 9.21943 
NaCl reiCli sec. .2 0.60657| 9.78288|| CoO..... Cone oie 0.78657| 9.89574 
NHi..... C18 Sees 1.9656 |10.29350 Co(NOz)s 
PeerorsiCli sc... 0.21943] 9.34130 oeKNOMs 6.0335 |10.78057 
CicGaun: oe pes 1.0711 |10.02985 
Cr =52 CosOi,..<. 2.0679 |10.31553 
BaCrOs..|Cr... 0.20529] 9.31236 (CoSOs)2 
ae Cae 0.29992] 9.47707 (K2SO4)s.| 5.5545 110. 74465 
Cabs aie 0.394691 9.59626 Co304....|Co........| 0.73433] 9.86890 
CiO nee... 0.45784] 9.66072 CoO....... 0.93358] 9.97015 
Cro(SOs)s- CosOme Co csusae. 0.38038} 9.58022 
18H» 1.4139 110. 15042 nae CoORe ya. 0.48358] 9.68447 
(0) BaCrOg 4.8712 |10.68764|| CoSOs: 
GrOs.. 2... 1.46154/10. 16481 7H20. . coe ree 0.20975) 9.32170 
PbCrO, ‘| 6.2154 110. 79347 C GOR 0.26666! 9.42596 
Cr2O3 BaCrOs....| 3.33389/10.52293|| ¢ ane 
2 
ae ot oles ete Ose NGor fae! 3 0.1416 | 9.15109 
CrOgen ss &. 1.31570/10.11919 me rem er 
CrOs BaCrOz....| 2.5336 |10.40376 OV -seeees 0.18003) 9. 
‘er tree 0.76000} 9.88081 Rapper: 
K2CrO,. ...| 1.9420 ]10. 28825)] CUS 
KeCr207 1.4693 |10. 16731 63. eee 
PbCrOs....| 3.2320 |10.50947 wards 
pores: | baCrOs, ...) 21842) /10 -33928i)- Gu... Cuz (A 3.9880 |10.60076 
PbCrOs....| 2.7862 |10.44501 N a 
Cre(SOu)s CuCNS....| 1.9136 {10.281 
-18H20|BaCrOu. ...| 0.70727] 9.84959 pet ape eee Danie Menino 
EbCrOs. -...) 0.90220) 9.95530 BO coor 1.1258 |10.05147 
KeCrO.. c CrO3 aaeera Sergi 0.51494 9.71175 G S 122522 11 09767 
bCrO 1.6637 |10. 22108 ee Sood Sst hy 
NAS ints s x a 
KeCreO7 ~ CrOs3 Ti aarratna: Fat 0.68028 9.83269 BELO. Ay: 3.9281 10.59418 
PbCrOs....| 2.1971 10.34185 CoH: 
PbCrOs../Cr........| 0.16089} 9.2065 
: Gites 0.23515] 9.37135|(Cuy (x2 ¢|Cu.-.-..-. 0.25075] 9.39924 
CPOs as. 0.30941] 9.49053 Oo)s 
CrOs. . .... 0.35891) 9.55499 MgpAs207...| 0.91874] 9.96319 
ee anes tie oral CMe Gu veers: 0.52259) 9.71816 
2 eae : eee es ech ee ee ee ANU ae rey Te ie! eps . 2 
K2CrOs. .. .| 0.60087) 9.77878)) Cuo..... Ciel ne 0.79891] 9.90250 
Cobalt: Cus. 5 1.0004 |10.00017 
Co—58"97 uSO.-5He 
Coo Co(NOs)2 Oat 3.1382 |10.49668 
6H2O....| 4.9361 |10.69339|]| CwO.... Cu te 0. 88824 19. 94853 
Co(NOs2)3 UDO peaks Aare ; ‘ 
(KNOz)s .| 7.6706 |10.88483]| CuSO. 
Cota 1.2714 |10. 10426 BEL OOH Cube 14885; 0.25458] 9.40582 
en PAT 1.3618 |10.13411 CUOt ack 0.31865] 9.50331 
CoSOe:: 2: 2.6290 |10.41979 Cw8. 2. 0.31877} 9.50348 . 
CoSO.- 7He 2H3 
(Ce80)) -- «| 4.7675 |10.67829)| yo. A sO, ow 1.0885 |10.03681 
4 
(K2SOu)s .| 7.0616 |10.84890 On)s 


rn nnn nn ee ea tEtttE UU UII DIIIEIEE EISEN 


GRAVIMETRIC FACTORS AND THEIR LOGARITHMS 


Weighed 


Fluorine: 
F=19 
BaFo.... 
Basif’s... 


GHF 2455 
Hesik's... 


en eee 


H =1.008 
H 
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Sought 


ORCACRCRS Seem ot 


a> 6 Ds 


Factor 


RR RR NOOO COFPCOCOCOP EWR WH NR HWNNOCHCOCOCOCOCOH 


oc Of 


. 5948 
. 62705 
.40762 
42924 
.51602 
.87294 
. 50880 
.48675 
.51258 
. 6228 
27914 
. 29395 
45330 
05447 
5824 
. 2660 
. 9342 
3297 
. 9509 
.4019 
8368 
. 6065 
. 2022 
. 93790 
. 61620 
. 78992 
27728 
. 83182 
12270 
. 98601 
. 8976 
.51700 
54443 
. 65451 
. 52699 
64534 
. 6814 
3837 
9654 
0141 
5495 


5394 
. 0898 
.8172 
. 64959 
47852 
. 55028 


. 9363 


(Continued) 


Loga- - 
rithm 


—_ 


BOODOOOOOOOOoS 


_ 
WOOMDOOOODOOOOOCO 


as 
oo 


10. 


-10 


. 20270 
. 79730 
. 61025 


. 6327 


71267 
.57163 


70655 


. 68730 
. 70976 
. 21028 
. 44582 
. 46827 
. 38975 
. 31270 
. 95417 
. 10242 
. 28651 
. 36730 
. 29024 
. 53172 
. 26406 
.55708 
07997 
. 28733 
. 18972 
89758 

.44292 
. 92003 
. 85896 
. 99388 
. 27820 
. 71349 
. 73594 
.81598 
. 72180 
. 80979 
42837 
. 14104 
. 29345 
. 00612 
.19021 


. 18736 


. 382010 


. 25941 
81264 


. 67990 


. 74059 


95116 


Weighed 


ee lela & 


«Be fae 


Sought 


le Shey) suas, 


Fe7(CN)1s, 
prussian 
blue..... 

Fe7(CN)is. . 

eO 


eGa se sale nee 


Fe(HCOs)2 . 


Factor 


NonNnree oO 


. 84328 
. 8354 |10. 
.41703] 9. 
.4092 }10. 
.5868 |10. 
84998} 9. 
.8500 |10. 
.42034} 9. 
.4204 |10. 
.6074 |10. 
. 38423 |10. 
.0306 |10. 
.2298 |10 
.94421] 9. 
. 7333 |10. 
.4067 |10. 
0799510" 
. 9825 |10. 
.2836 |10. 
. 98553) 9. 
.8091 10. 
.3979 |10. 
.3790 10. 
. 70965] 9. 
. 70404} 9. 
.97031] 9. 
.0591 }10. 
.92593] 9. 
.0147 |10. 
. 38658 
. 38353 
52858 
.57694 
. 50440 
55275 


Loga- 
rithm 


—10 


8 S 
H 


.9365 |10. 
eLL190} 20% 
. 12595) 9. 


. 1859 |10. 
.1765 10. 
54484 
54055 
. T4497 
81313 
. 71091 
. 77904 


NolNeiieleliekie) 


89963 
04884 
10020 


07403 
07059 


. 73627 
. 73283 
87214 
. 91016 
85181 
. 89156 


9. 92597 


26373 
62016 
14896 
41276 
92941 
26717 
62360 
15240 
41620 
12786 
01309 


. 08984 


97507 
23887 
14819 
03342 
29722 
10844 
99361 — 
25747 
37984 
37640 
85104 
84760 
98691 
02493 
96658 

00633 


9.58724 


.44240| 9. 
. 8349 |10. 
.6325 |10. 
. 6325 |10. 
.0210 |10. 


9.58380 - 
9.72311 
9. 
9 
9 


76113 


. 70278 
. 74253 


64582 
26362 
21285 
42037 
30557 
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GRAVIMETRIC FACTORS AND THEIR LOGARITHMS 


Weighed 


rope: ; 
FeCls.. 


Fez 
(cn )1s, 
prussian 
blue. . 
FeCOs.. 


FesO4 ... 


Fe.O3 ...|F 


Sought 


FeSO.. eee 


Fes. 

ONE) 80 : 
6H2O.... 

.|MgeAs2Or. - 


_|FeeQ3...... 


Fe(HCOs)e . 
Fe(HCOs)e . 


se eee 


Factor 


1851 
2865 
4298 
-7020 
5741 
7203 


9787 


.0227 
T9714 
.49211 


. 26036 
. 54496 
.37986 
. 62017 
. 68924 


.49480 
. 31396 
40392 
.44889 
. 61254 
77728 
6124 
47577 
1114 
. 1002 
. 2236 
1144 
.0346 
. 69940 
.0318 
4509 
2278 
2278 
. 89980 
. 96657 
. 8898 
. 1010 
. 9026 
4821 


.91157 
.5041 

.37010 
47615 
. 52920 
63527 
81729 
. 90830 
.36761 
. 52561 
. 52706 


(Continued) 
Loga- | weighed | Sough 
rithm Behe quEnY 
bef PW Nis GE 8 INKS 
—10 Iron: 
10.50813]) FeSO,- 
10. 109438 THO.) Hen. Lt, 
10 .15527 BesOsien «asic 
10. 43168 FeSOa,- 
10.19703 (NHa)2 
10. 43462 SOz- . 
Gil Oem ee 4": tenses 
10.69712 Fe2O3 
Fe2(SO.z)3 |FeeOs...... 
MegeAs207|FeAsO. 
10.84650]/ SO3. ...-./FeO,....... 
9.90162 FesQ...... 
9.69212 |/Lead: 
Pb =207.2 
BaSO....|PbSOs..... 
10.35418|| Pb...... RbOls cc oe 
9.73637 PbCOs... . 
9.57962 (PbCOs)» 
9.79251 Pb(OH): 
9.83836 PbCrOs... 
PboO.. 
9.69443 12 ON es See 
9.49687 1248) suena 
9.60629 PbSOz... . cs. 
Opel Ph Glo eect yin (osc 
9.78713 POE scot ate 
9.89058/} Pb 
10.20749!| (C2H3O2)2 
10 .39371 {i 3H20 |PbCrO, 
10.04585 PbpO«e, 2.0. 
10'.32226)|)) + PbCO3.41.Pb. 74. o.... 
10 .08764 . BROS 35. ee 
10 .04704 PhSOQr.. 2c; 
10.01477 cep EOes 
9 . 84473 
10.30788 (Obs. JE} OT eee 
10.16164 PbCrO4 
10 .34786 PbBO...... 
10 .34786 He OrOirat brs. «anes 
9.95415 Pb reer 
9.98523 3He 
10.27641 (PbCOs)2 
10.04179 Pb(OH)s2 
10 .27935 1 15( @ heh emetic 
10 .54184 Pb3aQass sae. 
PhSOn es. 
; Pb(NOs)2 |PbO.. 
10. 69122 POs: eae 
10 39865 PbSO4u: ..2. 
9 .56832|| PbO..... pink St ape ee 
9.67774 PiClo sas ae 
9.72362 PbCO3. 2... 
9.80296 PbCrO, 
9.91238 Pb(NOs3)2 
9.95823 Phe eet a 
9.56539 PbSO...... 
OF 72066 Pb Ges aeste Disks ite wee = 
9.72186 Pb(NOs)2.. . 


: 


0 28718 


Loga- 


Factor ithe 


6.20086) 9.30289 
9. Bs 


si 


. 14239] 9.15348 
. 20360) 9.30878 
. 39934) 9.60134 
.2542 |10.09838 
. 89733) 9.95295 


.8973 |10.27814 


oe i al I) 


1.2991 
1.3375 
1.2896 


2478 
5598 
1.0772 


. 11364 
. 12629 
. 11045 


1 . 09601 
1 . 19307 
1 03230 
1.1544 06236 
1.1547 06247 
1.4636 . 16542 
0.74500) 9.87216 
0 


80253) 9.90447 


0.85210) 9.93049 
0.79953) 9.90283 
0.77545) 9.88955 
0.83533} 9.92186 
1.1350 |10.05500 


0.80142) 9 
1,2501 
1.1730 . 06930 
0.64109) 9.80692 


1.1736 06952 


. 79994) 9.90306 
. 69059} 9.83922 
. 70710} 9.84948 
. 93830) 9.97234 
9 
9 
9 
9 


. 90386 
. 09694 


-67387| 9.82858 
-72218| 9.85865 
91558] 9.96170 
92832] 9.96770 
2461 |10.09556 
:1967 |10.07799 
-4480 |10. 16077 
-4840 |10.17143 
-0720 |10.03019 
3587 |10. 13312 
86622] 9.93763 
1.3847 |10.14136 
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(Continued) 
Weighed \ Sought Factor Loge: Weighed Sought Factor Loge 
Lead: —10 Lithium: _| —10 
PbOo... jRbSO@4s "yh 1.2678 |10.10305 LisPO.4... |LieaSO4-HeO | 1.6572 |10.21937 
Pb30.. an PbCsO4 1.4142 |10.15051 EnSOg. er Aes. clears. 0.12625) 9.10123 
BbsOm es 1.3270 |10.12287 hich vee 0.77133) 9.88724 
Ee (OMe 124 Set eee 0.85898} 9.93398 LpOe sae 0.27178) 9.43422 
Rg ret Phi... o. oe | 02865801" 9293742 SOs... fs el LieOk. 623 a Ore 322199257196 
PbO wen ae 0.93288] 9.96983 LisOc. ae 123732 (Osis 
BiSOra seuss 1.2675 |10.10295||Magnesium: 
PbSO.z BasOi se. 0.76974} 9.88634 Qe 
Pier aes 0.68324] 9.83457 24 .32 
Pb(C2H3 BaSO.u... |MgSOz..... 0.51570) 9.71240 
O2)2-3H2O| 1.2508 |10.09721 MegsS0O.4 
PhCOse. 28 0.88109; 9.94502 7H20 1.0559 |10.02362 
(PbCOs)2 1 By denote canen Wiis sore 0.15213] 9.18222 
Pb(OH):.| 0.85254] 9.93071 MgBro..... 1.1520 |10.06146 - 
PbCrOsz. . 1.0658 |10.02768 MegBre 
Pb(NOs)2 1.0922 |10.03830 6H2O 1.8282 |10.26203 
PbOney ist 0.73600) 9.86688 Gleth. ire Me... 0.34292] 9.53519 
PbOoes ee 0.78876) 9.89694 MegC@lhur en, 1.3430 |10.12805 
lOve ase oi 0.75359| 9.87714 MegCle 
bso. ore 0.78896} 9.89706 6H2O0 2.8672 |10.45746 
Lithium: : GS Opn aes MegCoOs3 1.9163 |10.28246 
Li =6.94 MeOes ne 0.91626] 9.96202 
COsxs so 3a LixCO3..... 1.6790 |10.22505 Nese er ah o INE Bex, sce eas 0.09581} 8.98140 
LiHCOs; 1.5443 /10.18873 IMGs ane sar 1.0958 |10.03973 
gO: Lie 0.67901) 9.83188 Id Feed Gos & BI tee eee 6.5732 |10.81778 
Li. GC) tees 6.1096 |10.78601 Clie .| 2.9162 |10.46481 
LieCOs3..... 5.3227 )10.72614 et ene ee ae 10.4380 |11.01860 
Tats ©) Beat. stecsas 2.1539 |10.33322). MgO. 1.6579 |10.21956 
ise Owe ee: 5.5629 |10.74530 MgeP207 4.5790 |10.66077 ~ 
LieSOu.:... 7.9207 |10.89876 MgSO, 4.9449 |10.69459 
bit Gee. ise .s 0.16368} 9.21399]| MgBro.../Br... 0.86806} 9.93855 
Vis Os.. oi... 0.87124) 9.94013 MegBre 
| Lies Oe aie 0.35227) 9.54698 OHsOw ei Br. e2 i ete 0.54698] 9.73797 — 
LisPO4 0.91052) 9.95929 Miele aC ter 0.74465| 9.87195 
: LS Ome... 1.2965 |10.11277 MgoP207 1.1692 |10.06791 
EC Oss COs, .s.4 0.59559) 9.77495 MegBr:- 
Li 50 RRS 0.18789] 9.27386 6H20.. |Br. 0.54698] 9.73797 
AG eee a3. 8 1.1479 |10.05987) MgCle-6H2O}Cl......... 0.34877] 9.54250 
LiHCOs; 1.8395 |10.26469 MegeP207 0.54765] 9.73854 
TO ee 0.40444! 9.60685} MegClo- 
ens Ox™ aera 1.0451 |10:01916)) KCl- 
Litt COs en COsae ss ee 0.64756) 9.81128 6H20.. |MgeP207 0.40072) 9.60284 
ies. ac 0.54366] 9.735311| MgCOs..|COe....... 0.52185] 9.71755 
Li2O.. 0.21960) 9.34216 Mz(HCOs) 1.7355 |10.23943 
TnOn 2 Ss. COz. ISA2 0 |1O AOS ee oe ANG Oiaee are 0.47818] 9.67959 
Bao 6 ok 0.46427) 9.66678 Meso, 1.3206 |10.12080 
LiCl Ba aa 2.8381 |10.45302 Mg(HC 
LizCOs 2.4630 |10.39315 O3)2 MgCoOs 0.57619] 9.76057 
LiHCOs;3 4.5482 |10.65784 INES Oca eee 0.27553] 9.44016 
LisPO. tees 2.5842 |10.41231 MeeP207. 0.76097) 9.88137 
iSO. i .84 3.6794 |10.56578 Maly: <Ss iL e at eae 0.91258] 9.96027 
eae SO3... 2.6794 |10.42804 MgO COche hn. 1.0914 |10.03798 
TISE Ow yee ee eee 0.17976) 9.25470 Mg.....:..| 0.60317} 9.78044 
LiCipe=s ss 1.0983 |10.04071 MgCoOs.. 2.0912 |10.32041 
[iCOse seer 0.95689} 9.98084)) - Me(HCOs)2 3.6294 |10.55984 
LiHCOs 1.7601 |10. 24553 MegeP207...| 2.7619 |10.44121 
has ORe sr sere 0.38700} 9.58769}| MsSOxe.n: 2.9856 |10.47503 
aigSOc ste 1.4234 |10.15333|| MgePeO7. |Mg........ 0.21839} 9.33923 


98 


HANDBOOK OF CHEMISTRY AND PHYSICS 


GRAVIMETRIC FACTORS AND THEIR LOGARITHMS 


(Continued) 
Weighed Sought Factor ine Weighed Sought Factor Loge 
Magnesium: -10 |\Manganese: —10 
MegeP207|MgCh..... 0.85524) 9.93209} MnsO4.../MnO...... 0.93006) 9.96851 
MegCle MnO3..... 1.0349 |10.01492 
6H2O....| 1.8260 |10.26150 MnO 2 2-8 1.1398 |10.05685 
MegCh-KCl- MnSO, 1.9803 |10.29673 
6H2O....| 2.4955 |10.39716| MnOs....}MnsO4..... 0.87730) 9.94315 
MgCoO3....| 0.75719} 9.87920 MneP207 1.6332 |10.21303 
Meg(HCOs)e2 | 1.3141 |10.11862)| MneP2O7.)/Mn........ 0.38691} 9.58761 
INO Mins 0.36207) 9.55879 MnCOs3 0.80952] 9.90823 
MgSO. 1.0810 |10.03383 IM GN OAS Seige 0.49961] 9.69863 
MgSO4 MONOD. 2 one 0.61231] 9.78697 
7H20 2.2135 |10.34508 MnS0O,4 1.0635 !10.02674 
MegS0O,...|BaSOs..... 1.9391 |10.28760/|} MnS METIS Se 0.63145} 9.80034 
INT aeons 02 0.20203} 9.30542 MnCOs3 1.3212 |10.12097 
INEGO Ree ee 0.33494] 9.52497 Nini Ore ees 0.81538] 9.91136 
Mege2P207 0.92507) 9.96617 MnsS0O, 1.7357 |10.23947 
EAC eee 0.66506] 9.82286) MnSO....|/BaSOu..... 1.5460 |10.18921 
MgSO. Mns0...... 0.50509} 9.70337 
7H2O..|BaSOu..... 0.94702) 9.97636 Mne2P207 0.94026] 9.97325 
Meg2P207 0.45178) 9.65493 MUS. 4 oats 0.57613) 9.76052 
ODES oes we 0.32480] 9.51162 SOs. o> eens 0.53023) 9.72446 
SO gases, « INE @) eee - 0.50362) 9.70210)|} SOs...... Win Oe ee 0.88596) 9.94741 
MgSO. 1.5036 |10.17713 MnSOs, 1.8860 |10.27554 
MeS0O. Mercury: 
7H20 3.0788 |10.48838| Hg =200.6 
Manganese: Eigen ae He) Geers 1.1768 |10.07069 
Mn =54.93 He Clones 1.3535 |10.13147 
BaSO4 MnSO, 0.64687) 9.81082 BUR Oe Meese 1.0797 |10.03330 
OO se. cx MnCOs3 2.6119 |10.41696 HigiS ie ook 1.1598 |10.06438 
IMin@) ei 2. TeOMLOR MON Z0 7345 Hel |igew. ose 0.84978] 9.92931 
VITO stoic MnCOs3 2.0923 |10.32062 Ja bek @) bye ae 1.1502 |10. 06078 
IVE Omer 1.2913 |10.11102 HgNOs3 1.1102 |10.04538 
MnvrO3. 2... 1.4369 |10.15744 Eb go Ores os 0.88364) 9.94629 
Mmn3O4... «=. 1.3884 |10.14251 Hie Oe ae 0.91756) 9.96264 
Mm@OxeriCOs.c.. 2... 0.38287} 9.58305) Le Siena ee 0.98560} 9.99370 
AVG cree ea: 470 OOO DEVO bee NB ae Sec noe 0.73880] 9.86853 
MmOFe a=... 0.61716] 9.79040 Ee Olle Sy, 0.86940! 9.93922 
Minas @ niece... 0.66358] 9.82189 Ela Seer oe 0.85688} 9.94292 
: MneP207. 1. 2353./10.09177|| Hg(CN)o |HgS.......; 0.92097) 9.96425 
AV ISOS Breese 0.75690} 9.87904) HgNOs../HgCl...... 0.90078} 9.95462 
Mn(HC FOe ee 0.88595} 9.94741 
Oz)2. . .|MnCOs 0.64950} 9.81258// He(NOs)2]HgS....... 0.71672) 9.85535 
Oe 0.40084! 9.60298)| Hg(NOs)e2 
Ming OWE See 0.43099] 9.63447 ls Oh yaess oeee-a c 0.67902} 9.83188 
Win Ome ICOae = tao. 0.62040) 9.79267) *HeeO.. .-)HeCl..<... 1.1317 |10.05371 
IM Vaage es os 0.77442) 9.88898 Ee Seer 1.1153 |10.04739 
MnCO3 16203) LO S20900 (Ese @... ailerons 0.92612) 9.96667 
MnHCoO3 2.4947 |10.39702 ENG Cle se 1.0898 |10.03736 
MnsO3..... 1.1128 |10.04641 le FAC eereen a 6 1.0741 |10.03104 
MnszO4..... 1.0752 |10.03149] HgS..... HieG@ lor see 1.1670 |10.06707 
MneP207 2.0016 |10.30137 Hg(CN)e2 1.0858 |10.03575 
IVES ier 1.2264 |10.08863 HgNOs3 1.1287 |10.05258 
SOgseeie sere 1.1287 |10.05258 Hg(NOs)2 1.3953 |10. 14467 
Min:O3,. a Min st sacn 6 0.69593} 9.84256 Hg(NOs)2 
IMnONe. ase 0.89865} 9.95359 HOO" aa 1.4727 |10.16711 
Mmn3sO...... 0.96623) 9.98508 oO ween 0.89659} 9.95259 
Winns Ouees PEI ea tte t 0.72026} 9.85749 Hig Oia ke 0.93097| 9.96894 
MnCoOs3....| 1.5070 |10.17811 ESO ee 1.2751 |10.10554 
Mn(HCOs)2 | 2.3263 |10.36553)/} HgSO.s...|HgS....... 0.78424! 9.89445 
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Weighed Sought Es eee Weighed Sought Factor att 
Molybde- . Nickel: 
num: NiSO,: -J0 
Mo =96. -10 7H2O..|Ni........| 0.20894] 9.32011 
i Cee MoOs...... 1.5000 |10.17609 NiO: 520s 0.26591! 9.42494 
MoSs...... 2.0019 |10.30144 NiSOs.....| 0.55097) 9.74113 
PbMoOs. : .| 3.8239 |10.58251||Nitrogen: 
MoOs....|Mo........| 0.66667 9.82391|} N=14.01 
Mos... +. 1.3346 |10.12535|| AgNOs.../HNOs..... 0.30554] 9.48507 
(NHi)2 NaOe- 552. 0.24699) 9.39269 
MoOs....| 1.3617-|10.13408]] HNOs...|AgNOo.....] 3.2729 |10.51493 
(NH4)sPOa: ANG Nees e ..| 0.22231] 9.34696 
12Mo00Os..| 1.0863 |10.03596 NEGe ee 0.27023) 9.43173 
Mo8s..../Mo........| 0.49953| 9.69856 NH.CI.. 0.84893 9.92887 
M604 73.4." 0.74930| 9.87466|| — (NH.)2PtCle 3.5230 |10.54691 
CN) s+ {| SER Ra SB eee oe | aaa Dias ats shee 1.5480 |10.18997 
MoOs....| 1.0201 |10.00864 50s Seakve ®. 0.63520) 9.80291 
(NHa)2 HNO#l YING so ose 0.53417) 9.72768 
MoO... |MoOs....:. 0.73437| 9.86592/| N....... HNOs......| 4.4982 |10.65304 
MOS: Sk. 0.9803 | 9.99136 NaNOs.....| 6.0678 |10.78303 
(NH,)sPOa- NHs.......| 1.2155 |10.08477 
12Mo0Os..| 0.79778] 9.90188 NHACI..... 3.8187 |10.58191 
(NH))s (NHa)2PtCle}15. 8469 |11.19995 
POs: (NF) 2804. 4.7156 10. 67354 
2.......| 3.2841 |10.51641 
12Mo0Os Megs. eae 0.92053] 9.96404 Ni cate 
MoOs....| 1.2535 |10.09812 NOs....... 4.4261 |10. 64602 
PbMo0s.|Mo........ 0.26144] 9.41737 N205.....-. 8.8551 |10.58603 
MoO3...... 0.39216| 9.59346 Pt... ...... 6.9665 /10. 84301 
nee NaNOl iy tc 016481) 9.21607 
hea Pi 3 9 Sie tail Nor maoa es iekatrs, ale < 5 
Nigel: bs oe st cekg ae NoOs....... 0.63533) 9.80300 
ee N2O3..../AgNOv.....| 4.0487 |10.60731 
1=58.68) IN. $e se Ny 0.36858) 9.56654 
Ni....... Ni, gly- N2Os....|KNOs......| 1.8721 |10.27232 
Ni(NOs)2 NaNOs..... 1.5740 |10.19700 
He ocd | 4.9556 10.69510 eee TAD BIN Rr ic taal 0.31531 9 49874 
52726 110. 10471 eire ie Solan a ie : 
NiO....... 1.27 (NHBC 4.1101 |10.61392 
ae Pha teed ok eee tas 1.8071 |10.25698 
7H20....| 4.7861 |10.67998)| — 56; Sar iiee 0.74116) 9.86991 
Ni, gly- NOs..... INE ork eas 0.30450) 9.48359 
ose WIN sk 6225 4.9236 |10.69228'| NO3..... Neco 0.22593] 9.35398 
Ni(NOs)s NH3..... HNOs......| 3.7006 |10.56827 
PEO ONE Secs 0.20179] 9.30490 INS ces 0.82268) 9.91523 
NiO gia eS 0.25681} 9.40961 Nis: oo. 3.1714 |10.50126 
 INIBOR:.. 0.53212) 9.72601|| NH«Cl.. ./HNOs......| 1.1780 |10.07113 
NiO:.... NE. ei see 0.78576) 9.89529 s Speetige 0.26187) 9.41809 
Ni(NOs)2: (N Ha)2Pt 
6H2O....| 3.8939 |10.59039 Ole... |HINOs.. <1. 0.28380) 9.45301 - 
NiSOs.....| 2.0720 |10.31639 BORE? Apes 0.06310) 8.80005 
NiSOu: | INGOR. 253. 0.24327) 9.38609 
7H2O....| 3.7607 |10.57527,| (NH,)e 
NiSOe...4Ni . avees 0.37922] 9.57889 BOG Nes ae 0.21206) 9.32646 
Ni(NOs)2 NoOs.......| 0.81753] 9.91250 
H.O....| 1.8793 |10.27400}| Pt....... HNO3...... 0.64570) 9.81003 
NIG che 0.48262 9.68361 ee eee 0.14345] 9.15699 
NiSOs: ict ee 0.55338 9.74302 
7H20 1.81149/10. 25886) SOz...... HNOs...... 1.5741 |10.19703 
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_ (Continued) 
_ Weighed Sought Factor Loge Weighed | Sought Factor Laga- 
Nitrogen: -10 Phos- 
BO go SING oe. oie 0.34999} 9.54406] phorus: ~10 

inf) ae 1.3492 |10.13008]| P2Os....|AIPOs. 1.7190 |10. 23526 

Phos- FePOu...., 2.1238 |10.32711 
phorus: MegeP207 1.5662 |10.19483 
P=31.04 NasHPOx,...| 1.9996 |10.30094 
; Pe ee re 0.07414} 8.87004 NasHPO, 

PO,. 0.22700) 9.35603 12H2O 5.0428 |10.70267 

Dales tae 0.16968] 9.22963 NaNH.HP 
AgsP207 .|P.. 0.10251| 9.01077 O4-4H20 .| 2.9441 |10.46896 

Rae 2 0.31388) 9.49676 (NHa)3PO. 

Pos. . 20s. 0.23461) 9.37035 12MoOs3. .|26.4243 |11.42200 
ele SROs... S: 1.3890 |10. 14308 U2P20u 5.0287 |10.70146 
IPOs (POs... -., 0.77830] 9.89115]) UsP2Ou../P......... 0.08689] 8.93897 

Oe. o.: 0.58175) 9.76474 POi 0.26604) 9.42495 
Cas(POa)s FO: cc 0.45787 sade POA. o. 0.19886] 9.29855 

@POs,.,/PQe....... 62991) 9.799 : : 
P25... 0: 47080 9.67289||F atinum: , 
Meg2P:0;. NAHE Os 1.2756 |10.10571 HoPtCle- 
ar 4 
a 4 
HPO,-4H20| 1.8771 |10.27373 er ores 7y Hone 
Pe asad Be ().27861; 9.44511 PtCl;......| 0.69326! 9.84090 

PO. 5 +. .| 0.85384) 9.93138 PtCl,-5H20 | 0.87856] 9.94377 
as Pr 0.63852) 9.80517 (NHL): 

Sense 0: 40010 Sane Pile Pt... 21. 2 0.43960] 9.64306 
Naz ‘ 11 2 ae 0.75904} 9.88026 
HPO. - epee 0.91876} 9, 96320 

HeO oP. ; Gy cua eats 2PtCle 

BO eegrion | gee 9a ud | 3. 0.40 
NaNHa KePtCls... .| 2.4906 |10.39630 

ie pep Fa Na 

Ait C\eeties Pils Oe Re dAA 2 On Z9ROT i gi) ee etl ea ks : : 

: Be tres 033066 o eB108 JPtCli-5H20| 2.1881 |10,34007 
(NH,)s PtCh....|/KePtCls....| 1.4424 |10, 15910 
ast Tr EE 
VOM GOs iP kee ase ; SOON a a re RIE SUC oar : : 

MoO: POs ee rae euanat PeChs.. (NHL p2PtGls 1.0884 |10.03680 

Pct 2. 4° 
Be vevenAtBg SABRE RR Sito. orci... a [0 go 

AguP207 9.7550 110 .98923 2 Freee at pe 0.45701} 9.65993 

MegeP20; . 3.5877 |10.55481||Potassium 

(NHa)3POg- K =39.1 

12MoOs3. ./60.4755 |11.78158|| Ag...... KBre. 5s 1.1033 |10.04268 

P20s.. 2.2886 |10.35958 <a aed 0.69114] 9.83957 

U2P20u 11.5090 |11.06104)| KO1Os. 05; 1.1361 |10.05541 
BOg i AgPQ,..... 4.4052 |10.64397 KClOs..... 1.2844 |10. 10870 

AguP207 3.1860 |10. 50324 KON fous 0.60354] 9.78071 

AIPOs. ... 1.2845 |10. 10885 6 eee 1.5390 |10. 18722 

FePQ:..... 1.5875 |10.20072|| AgBr....|KBr....... 0.63375] 9.80192 

MgeP207...| 1.1712 |10.06862 KBrO3..... 0.88934] 9.94907 

(NHa)3PO4 ; AG PEE MISOL ee. 0.52017| 9.71614 

12MoOs.....|19.7591 |11.29559 KCIQ3..... 0.85503] 9.93198 

U2P20n 3.7588 |10.57505 O10 0.96666] 9.98527 
P2O5..... AgsPO...... 5.8935 |10.77038|| AgCN.,.|KON...... 0.48630] 9.68690 

AgsP207 4.2623 |10.62965|| Agl..... ce eee 0.70707| 9.84946 

Ale: 6... 0.71933] 9.85692 Kis 0.91148] 9.95975 
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(Continued) 
Weighed Sought Factor ae Weighed Sought Factor Tee 
Potassium: -10 |/Potassium: —10 

BaCrOQsa. .|K2CrO. 0.76650] 9.88451 KeCOs. ... | KePtCle 3.5178 |10.54627 
KeCr2O7 0.58019} 9.76357 204. 1.2609 |10.10068 
BaSO,...|/KHSOs 0.58334! 9.76592|| KeCrO.,. .|BaCrOs. 1.3045 |10.11549 
KOS pee ees 0.47235] 9.67426 KeCr2O7. .|BaCrO. 1.7236 |10. 23643 
KosOus ee 0.74652) 9.87304 FCC ce eat 0.50699} 9.70500 
TBSP das toe ecs tl GG ae AN auc ibc 0.48924) 9.68952 KeOteur ene 0.32019} 9.50541 
IGE ee acess ° 1.4892 |10.17296 KF -2H2O|CaFe......| 0.41480] 9.61784 
CaF2. IKF-2H2O..| 2.4108 |10.38216 CaSOpe aes 0.72310} 9.85920 
CaSO.4 KF -2H2O 1.3829 |10.14079 KHAsOsa. |MgeAs2O7 0.71173) 9.85232 
Clee os. Tabane 1.1027 |10.04244 ETC Oswalt eee 0.74480} 9.87204 
ICO) RS aia. 2.1026 |10.32277 ORS re cee 0.94098] 9.97358 
GOOF eae 3.4563 |10.53861 KoPtCle 4.8563 )10.68631 
KG1O4g. =... 3.9075 |10.59190 25 OL eee 0.87034! 9.938969 
1G; 6 saeco 1.3282 |10. 12328 KHS0Os,: .|BaSOs..... 1.7143 |10.23409 
COo2r 5. KSoO' Re on mek 2.1407 |10.33056 DOL ne oe 0.63986} 9.80609 
oC Ose ene: 3.1407 |10.49703 J 5G Fey Fie teh D.C eee 0.64981} 9.81278 
1 IP pene eae 1 Ee a er eae 1.3081 |10.11663 Aoi = ee ee 1.4143 |10.15054 
EGO see wee cs 1.6863 |10.22692 Teche cack eno 0.76448] 9.88337 
kG | Siok een ne 2.0440 |10.31048 1K eek eee 0.23551} 9.37202 
© Was ete 0.90691) 9.95756 L5G) O hewmen ees. 0.28370} 9.45286 
IeBre. ate 3.0440 |10.48355)| KIOs3 AGE oc roe ee 1.0971 |10.04025 
KEG ee 2 (Alo 9069% 110: 280331] Saaitabenies ee leg ee Orne 0.59304} 9.77308 
GE ere ere: 4.2460 |10.62798)| KeMnO. .|MneO3..... 0.38686} 9.58756 
Ko@ Saree 1.2046 |10.08084 TOs eee 0.44128} 9.64471 
KNO3...... 2.5859 |10.41261 KMn0Os..|Mne2Os..... 0.48259} 9.68358 
KoPtCle 6.2169 |10.79357 Nove Lae 0.55047} 9.74073 
Eee 2.2284 |10.34799 KNOs KeSOs.. 1.0237 |10.01017 
Eee Sa wee 2.4961 |10.39727 NoOs. . 0.44660} 9.64992 
K3AsO4 Minas; 0.60596] 9.78244 KNO3 ISA AEE Sey - 0.38671}. 9.58739 
HRIBIOS Sate [SS ee 0.90640), 9.95732 KCl rate 0.73742) 9.86772 
JN ES ene es 1.5779 |10.19808 30:72 oe Bee 0.46583} 9.66823 
Bieter cis, 0.67149) 9.82704 KePtCle 2.4042 |10.38096 
KC eeenitn csne Oea28502 |e OS LODO ie meinen Nite epee 0.13857] 9.14165 
OOM ei. 7 0.39573) 9.59740 INGE aia, caret 0.16843} 9.22642 
KBrOsz NOI Rete snace 1.1244 |10.05093 INOS An es 0.29681] 9.47248 
Clee x no ae 1.4469 |10.16043 INGO ss. ace 0.53417] 9.72768 
VAN ©) hae ea ae 1.9225 |10.28386 One Cli sen 0.75287| 9.87672 
Ole Re eng 0.47558} 9.67723 COz.. 0.46714] 9.66945 
daa pera 0.52440) 9.71967 Serer ete cy 0.83015} 9.91916 
KeCOs..... 0.92677| 9.96697 KGB ries hie 2.5270 |10.40260 
KeCr2O7 1.9705 |10.29480 KG Sete sae 1.5830 |10.19949 
KHCOs3 1.3427 |10.12796 KeCO3. .. 2. 1.4671 |10.16646 
HEED O eee ee 1.3560 |10.13228 KeCreO7. . 3.1231 |10.49459 
NO) Senate 0.63169) 9.80051 KHCOs.. 1.0627 |10.02642 
KePtCle 3.2602 |10.51324 te heres ts 3.5248 |10.54714 
KsSOaes. 5 1.1685 |10.06763 KOH seaeue 1.1913 |10.07602 
Pte atone 1.3090 |10.11694 KINO seers 2.14660/10. 33177 
CIOs Mee ART aera, eee 0.88022) 9.94459 KePtCle 5.1610 |10.71273 
/Niid ©) ear, 1.1696 |10.06802 KoSOrs ee. 1.8499 |10.26715 
(Oli gaara ss 0.28933) 9.46139 INSOR Geen 1.1467 |10.05945 
KC104 BARNA elena tar 0..77857| 9.89130|| KOH....}KeCOs..... 1.2315 |10.09044 
AgCl 1.0345 |10.01473 KoO 2.38 5 0.83942] 9.92398 
Clee hace 0.25592) 9.40810 KePtCle .|KeCOs..... 0.28427) 9.45373 
KCN. AgCNe aa 2.0564 |10.31310 KER 0.30674] 9.48676 
K2CO3 COs Sivas 0.31840] 9.50297 KHCOs 0.20591} 9.31369 
KC. oe 1.0790 |10.03303 KeNO3e . ok 0.41595} 9.61904 
WOH. sats 0.81201) 9.90956 Ro @ iv cee 0.19376) 9.28727 
KiOZ OAe 0.68161] 9.83354 KeSO4 0.35844) 9.55442 
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_ (Continued) 
Weighed Sought Factor jou Weighed 
Potassium: Silicon: 
KePtCle..|KeSO.: Ale SiOe. 
(SOua)3- 24 —10 
HoO eo. 1.9521 |10.29050 
KeSO.- Cre 
(SOa)3- 24 Sigma. a 
oO aaa 2n0545 LOT St269 ee SiO. os 
Kose. a Bas O eee a2 Delt l |1L0- 382574 SLO. a: 
ESO 8 1.5804 |10.19877)} Si(OH). 
KoeSiOz Si Ogee eats 0.39029} 9.59139||Silver: 
Ke2SO. IBA OO". on ok 1.3396 |10.12698||Ag =107.88 
Gils Be ee 0.85573] 9.93234 ENCES ha, 
KeCQs3..... 0.79307) 9.89931 
KHCOs3 1.1490 |10.06032 
KHSO, 1.5628 |10.19390 
KNOz 0.97682) 9.98981 
INOs 5 = oe, 1.1604 |10.06461 
LOOw ee. a 0.54057) 9.73285 
KoPtCle 2.7899 |10.44559 
oS tan 0.63273) 9:80122 
Orie cee 0.45943} 9.66222 
K2SO.-Ale 
(SOa)3 AgBr 
-24H2O|KePtCle....| 0.51228] 9.70951 
K2SO.- AgCl 
Cre2(SO«)s 
2O.. .|KePtCle....} 0.48673! 9.68729 
MegzAs207|K3AsO.4....| 1.6503 |10.21756 
KeoHAsO. 1.4050 |10.14768];) AgCN 
Mne203...|/KeMnOg 2.5848 |10.41244 No Teter. ae 
KMn0O. 2.0721 |10.31642 
Wins... ac KeMnO. 2.2661 |10.35528 AgeO 
KMn0O, 1.8166 |10.25926 
ING sar, Ba NSN snes. 7.2169 |10.85835 AgsPO4 
NHs. . KEN Osee ao. 5.9372 |10.77358}| AgsP2O7 
INO) eo ir. TN O3.5 520. 16 3.3692 |10.52752 De shes ob. 
Ne2O3 KEN Opes. 2.2391 |10.35008 
N20s HoO Pees 0.87207) 9.94055 1 @) Ree eer 
HON Oe eae 1.8721 |10.27232 
Jets 2 i Sa ees Oe eee 0.40062) 9.60273 Ee: 
ARON ere tk 8 0.76294] 9.88306 
S1Ogns tec KeSiOs 2.5622 |10.40861| Sodium: 
to OER eee KOS Once cts 2.1766 |10.33778 Na =23 
Silicon: A ra as 
Si =28.3 
Ba SUNG tei bases aes 0.37294) 9.57163 
S1Q) per oveen 0.21561) 9.33367 AgBr.... 
H2SiOs 1 @Ooae cans 0.76993) 9.88645]; AgCl.... 
K2SiF's Cube top iene 0.47301) 9.67487|| AgI..... 
Si Ona os sos 0.27347) 9.43691 BaSO. 
Site ede SiO Rte arn, ch 2.1307 |10.32853 
SUH ser wee BaSik's..... 2.6814 |10.42837 
TRO SUNG. vic « 2.1141 |10.32513 
SHG te ie 0.57815] 9.76204 
SiQor. .ex: BaSiFs..... 4.6380 |10.66633 
2SiOs..... 1.2988 |10.11355 
KoSiF's..... 3.6567 |10.56309 
SU rete toe 0.46933) 9.67147 
i taere aos 1.7296 |10.23796 


Loga- 
Sought Factor MeREG 
—10 
Si@sea ane 1.2653 |10.10220 
SLO ees 1.5307 |10.18488 
SisOh ee ae 1.3980 |10.14551 
Si(OH)s 1.5975 |10. 20344 
Si Ose ne ae 0.79031} 9.89780 
SiObhe aeea 0.65331) 9.81512 
SOs Sree 0.71530] 9.85449 
SiOg he ee 0.62598! 9.79656 
IAG BTL aan 1.7408 |10.24076 
ie @ le eae as 1.3287 |10.12343 
AGECIN. «ke 1.2411 |10.09381 
Agl.. 2.1765 |10.33776 
AgNOs 1.5748 |10.19723 
Ao @) 2-2 eens 1.0742 |10.03107 
AgsPO. 1.2932 |10.11182 
AgaP207 1.4034 |10.14719 
Joye aN areas 6 0.74083} 9.86972 
Cea. thee 0.32870} 9.51680 
Te SCAR Oe eRe 1.1765 |10.07059 
SIAC EATS we Sete 0.57443) 9.75924 
Sheek 5 ato ae 0.42556] 9.62896 
So onteras ken 0.75261! 9.87657 
AgNOs 1.1852 |10.07380 
IN SSO) hstara e 0.80842) 9.90764 
Clever’ seers 0.24738) 9.39337 
|Ag. 0.80573) 9.90619 
NRE Aah 0.45945) 9.66224 
D Beene Ream 0.54055) 9.73283 
BAPAC Se tas, oa ee 0.93095) 9.96893 
A Cle een 1.2370 |10.09236 
WA et. a ere 0.77317) 9.88828 
Amen: ee 0.71253) 9.85281 
Ne ee an ae oe 1.3498 |10.13028 
seNeal B10 Ad Owe 2.3498 |10.37104 . 
Va \Tege es Be ee 3.0423 |10.48320 
NTE GP pied et 4.0423 |10.60663 
STAs. Soak 0.84998) 9.92941 
VAG Capex ed 1.8500 |10.26717 
INI B ee okt 3 0.95622) 9.98056 
INA Cl ee 0.54190] 9.73392 
INGEN Aree 1.3897 |10.14292 
INIEW ES cayenne 0.54802) 9.73880 
INACT es ean 0.40784) 9.61049 
INES peta 0.63850} 9.80516 
.|NaHSO. 0.51437} 9.71128 
NaHS0O, 
eOys mate 0.59153) 9.77198 
NaeS...... 0.33440) 9.52427 
NaeSOz 0.54003] 9.73242 
NavSOs 
7H20 1.0803 |10.03354 
NazSO.. 0.60858] 9.78432 
NaeSO,- 
10H20 1.3804 |10.14001 
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(Continued) 
Weighed Sought Factor eiaee Weighed Sought Factor ee 
Sodium: -10 |\Sodium: -10 
DOs erg. NazBsO7 1.4429 |10.15922| NaCl....J/Ag@l.....; 2.4520 |10.388951 
NazBuOz Clee hia ee 0.60657) 9.78288 
1 10H20 2.7297 |10.43612 INA Sate tccln 0.39343) 9.59487 
BT ee ANE oe ieee 0.28779) 9.45907) NazCO3 0.90661) 9.95742 
IN AIST est. 55 3 1.2878 |10. 10984, NaHCO; 1.4370 |10.15746 
IN AIOE foto 0.38788) 9.58870 NazHPO,s 1.2150 |10.08456 
Mable... 2 tNaGh 2s. 1.0534 |10.02259) NasOL eee 0.53028) 9.72451 
CaCOs3 NazCOz 1.0590 |10.02492 NazSO4 1.2150 |10.08458 
Cake. INE reece, 1.0757 |10.08168| NazCO3..|/CaCOs..... 0.94423) 9.97508 
CaQ:. NazCO3 1.8898 |10.27642 BO eats 0.52915} 9.72358 
CaSOz NazCO3 0.77867) 9.891385 CasOr.. <1: 1.2842 |10.10863 
| ieee FO gene ie ee er 0.64862) 9.81199 COr se ee 0.41509) 9.61814 
WHOLE. Se. 5 1.6486 |10. 21712 IN Dae bets ee 0.438396) 9.63745 
INA O) sce aee: 0.87422) 9.94162 ING Clee 1.10380 |10.04258 
WOR a4 NazCO3 2.4089 |10.38182 NaHCO3 1.5850 |10.20003 
NB OTS «2. 1.4089 |10.14888 SIO} Fie 0.58490) 9.76708 
H3BOs3 NazBsaO7 0.81420) 9.91073 NOES. Var. 0.75486| 9.87787 
NaveBsOrz : NaeSO. 1.3402 |10.12717 
10H20 1.5404 |10.18763)| NazCOs 
Peres ate! Nae no ke 0.18122) 9.25820 -10H20|NaeSOs..... 0.49643| 9.69585 
IN Sls 9 cs tees EAISI2 0.07233. Naira Cabon, ween. 0.92965| 9.96832 
NasOi.. 2.8 0.24425) 9.88783| NaezHAs 
KBF%....|NazBsaO7 0.40047) 9.60257 Os.....|Mge2As207...| 0.91348) 9.96070 
NaeBiOz NazeHAs 
10H20. 0.75765| 9.87947 Os... ..|MgeAseO7...| 0.83490} 9.92163 
MegeAseO7| NazH AsOs 1.0947 |10.39300| NaHCOs |Na........ 0.27379] 9.48741 
NazHAsO,s 1.1978 |10.07837, ING oot one 0.69589) 9.84254 
MeCk...|NaCl...... 1.2276 |10.08906 NazCO3 0.63090) 9.79996 
Meg2P207.|Na2H POs 1.2756 |10.10571 NasOr 5. = 0.36901) 9.56704 
NazHPOs NaNHa 
12H2O 3.2169 |10.50744 HPO, 
NaNH:sHP 4H20. .|MgeP207 0.538244) 9.72627 
O4-4H20. | 1.8781 |10.27373 AS teh 0.08144} 8.91084 
NasPs07- BSOR cane ak 0.33966) 9.53104 
10H20 2.0036 |10.30181)| NazHPOs |Mg2P207 0.78395| 9.89429 
IN G2. Disks 6 ese °3.4748 |10.54093 2 | pee to 0.43646) 9.63995 
Sc Ree 1.5417 |10.18801 NasP207 0.93656) 9.97154 
Leet EO 5.5182 |10.74180 P205.......| 0.50010) 9.69906 
Na Breck 6% 4.4747 |10.65077)| NazHPOs: 
5b (CG) he aaa 2.5418 |10.40514 12H20.|MgeP:07 0.31086) 9.49256 
NasCO3....| 2.3044 |10.36255 NaaP207 0.37189) 9.56981 
NaHCOs3 3.6525 |10.56259 PSOEr. cg 0.19830] 9.29783 
INE eater 6.5183 |10.81413'} NaHSO3./SOe........ 0.61555| 9.78926 
De INAS OSes: 551 1.3478 |10.12963)|) NaHSOs.|/BaSO...... 1.9441 |10. 28872 
Sup NavSO4 3.0883 |10.48972)| NaHSO, - 
NaeBaO7..|BoO3....... 0.693808] 9.84078 H:0 BaSQ....... 1.6905 )10.22802 
HsBOs3..... 1.2282 110.08927);) Nal....; REM Fah SOM, 0.71958) 9.85708 
KBF4 2.4971 |10.39743 Od Ce ae ae 1.5661 |10.19484 
NazBiO7- LS ee Soatosets 0.84659} 9.92767 
10H20 .|B2O3....... 0.36634! 9.56388 UN Asie aac Bnet 0.15341) 9.18587 
HeBOs..%.. 0.64918) 9.81237 NasO. saci ' 0.20678) 9.31550 
JAG Sf Oy Geren 1.3199 |10.12053)|} NaNOs..|NasO...... 0.36467) 9.56189 
NaBr.:. Rt ROG, 1.0458 |10.01944 INR eta 0.16481) 9.21697 
MOBI ci 1.8247 |10.26120 INDE S08 0% 0.200388). 9.30185 
161 90 RAL 0.77654| 9.89016 (ae 0.35302) 9.54780 
Nave kag dete 0.22848) 9.34923 N2Os 0.638533) 9.80300 
NasOR acc: 0.30120) 9. 47886, NasO....|Br.. 2.5781 |10.41130 
ONE L asc |B ot ea a 1.8453 |10. 26608, 6} EES Seen 1.1489 |10.05838 
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Weighed 


Sodium: 
NazO.... 


NazSOs- 
7H20.. 


, Ss 
NazSOa. . 
N 


oe ee eee 


Sr =87.63 


Sought 


wire a eee 
re ee 
Cue toa tm en te Sd 
ee ee 


ew) Le) ohm 
oe ie Ow 
Be sO 


eLe-e. eee 6 © 


eae eis ® 


oe eee 


Sher a) wens 


Cire ett 1Oue 


pure) <enisie, ve, 


Factor 


Loga- 


rithm 


Weighed 


. 70968 
0942 
. 74194 
.3200 
. 8858 
nL097 
. 8350 
. 2911 
. 2906 
2913 
. 7422 
. 2913 
3247 
. 17484 


49911 
. 9904 
.8517 
.50817 


. 92569 
. 25403 
. 6432 

.82381 
. 82303 
. 74616 


.0144 
. 43644 
. 56356 


. 72444 
.0678 - 
9918 


.2790 
8327 
.5740 
.57397 
. 9996 


0428 


9441 
. 6246 
. 9678 


. 9365 
717442 
1744 


3550 
2994 
2944 
6847 
1827 


—10 


a el el er ee 
cOoCoooooaoodcne coo 


e on 
oon Nefielekas eke) oooe 


els 


. 85106 
61217 
. 87037 
.02114 
. 27549 
. 23292 
. 6844 


Strontium 


Sr(HC 


3s o 5 


Sr(NOs)e2. 


Syps 0) Geer 


Sulphur: 
S =32.06 
AseS3.... 


BaSOs... 


a ie eee 


'|SrClo 


Sought 


Sr(HCOs3)s. . 
Sr(NOs)e. . 


eee fe ene 
Sere) Vowleke eyehie 
a <2 8 6 6 8 


Gyleigse iene} ae 
ot ee ey Wert DAC ott at) 


SO. ke fi 


im, pe ele aelie 


Factor 
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GRAVIMETRIC FACTORS AND THEIR LOGARITHMS 


(Continued) 
Weighed iS) ht Factor Loga- Weighed Sought Factor Loga- 
g ous rithm 8 ; & rithm 
Tin: Uranium: -10 
Sn =118.7 -10 WOz. 4 UsOsmareee 1.0395 |10.01682 
Snise seer Sn@lonn ccc 1.5975 |10.20344 Ue2P20un.....| 1.3221 |10.12126 
SnOl2HeO 1.90108 102 27898) pe sOs ren oats ee eee 0.84809) 9.92844 
Sn Clana 2.1949 |10.34141 WOorme cee 0.96202) 9.98318 
SnCli(N Ha a Ale 
Clo scarvun 3.0964 |10.49086 H20 . 1.7885 |10.25249 
Sn Ontoneuee 1.1348 |10.05492 U0: ; 
SnOe..:...| 1.2696 |10.10367 (NOs)2: , 
SnCle. carbe Sn reyapiahchtoutel ee as 0.62599 9.79657 6HoO... U3Os A ae 0.55914 9.74752 
see SnOz...... 0.79475) 9.90023) Y.POu../U..... 20. 0.67624| 9.83010 
a 
BELO AI St. «scan acd 0.52609} 9.72102 Hare Se eaegs ine iag eo 
SuOs sn 0.66785 9. 82468 Meee 
Sewanee en ; 9.65 e% 
SoC aya on re ea Vii ast MoO Bara neta 1.7843 |10.25147 
SnCli(N Via eee INO neers 0.79130) 9.89834 
H.Cl)2./Sn........] 0.32296} 9.50915 Wi Oe ee aanal Vitust onaogh ee 0.56045| 9.74853 
SnOs 0.41002) 9.61281 NiQase cena teers 1.2638 |10.10166 
SORES 5% 1 0 pee etre Et 0.88122} 9.94508)|Zine: 
SiO nse oss & 1.1188 |10.04875)| -Zn=65.37 
SnOz..... Sins. eee 0.78766} 9.89634) BaSOs, ZnSOz 
yal Oh nee 1.2583 |10.09975 7H20....] 1.2318 |10.09054 
SnCle:2H2O | 1.4973 |10.17531)} Zn...... ZnO eae 1.2447 |10.09508 
Sr Clare 17289 LOR28q Ga Zn2P207....| 2.3315 |10.36763 
SnCla DnSitees dea 1.4904 |10.17330 
ea 2.4389 |10.38719]| ZnCle....|ZnO...:... 0.59702) 9.77599 
Sn@O se 0.89383). 9.95125) ZnCOs3.:./ZnO....... 0.64903) 9.81227 
Titanium: IANO GWA. So Ss 0.80338} 9.90492 
Ti =48.1 TEN ONS, aici: 1.6749 |10.22401 
Sei. = MiOgeenaee 1.6652 |10.22148 Lin Ones 1.5407 |10.18773 
ARI O)o:) aes eae s os 0.60051} 9.77852 Zn2P207....| 1.8773 |10.27254 
Tungsten : SHINS) ra Re 1.1974 |10.07825 
W =184 ZnoP2O7n\ Zs oe ee 0.42891) 9.63237 
AW 2k) eee Wi@otee: caer 1.1739 |10.06963 LO pao ae 0.53390! 9.72746 
NOS ae. nae 1.2609 |10.10067)} ZnS..... BasOs.. ae 2.3959 |10.37947 
IW Op eee WA ere 0.85187| 9.93037 Tih i 0 Cee 0.67094! 9.82668 
DWi aver WS foes en cae 0.79310) 9.89933 TAO wnt 0.83516} 9.92177 
Uranium: ZnSO. 
U =238.2 7H20....| 2.9506 |10.46991 
Us: nee (Wi@ eset meres 1.1343 |10.05473)) ZnSO,- 
WsOs aon 1S 79ISORO 755 (EDO BasO. ae 0.81182} 9.90946 
UeP20u....}| 1.4997 |10.17600 VAN O bean Whe 0.28299) 9.45177 
WOstners LOL sraeen Aetna. 0.88157) 9.94526 White tee ee bi 0.33884) 9.52999 
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HEAT OF FORMATION 


(From Thomsen’s Thermochemistry, Longmans, Green and Co., 
publishers, by permission) 

The following tables give the heats of formation of various 
compounds, chlorides, oxides and hydroxides -and_ sulphides. 
The values are given in small calories and for a temperature of 
about 18° C. for substances in their normal state at that tempera- 
ture. 


CHLORIDES 
‘Heat of ies Hexeorceln Heat of for- 
. mation o “| mation in 
Reaction Peete t10n of a aqtieous 
pound Bese solution 
UNS ee 211220. — 8880. 202340. 
UNOS a a 195380. — 2360. 163020. 
ae on 2, i, ee ee Cee 187620. + 16880. 204500. 
Pee eis x +.48240. | + 2070. 
(Ba, Ch, BELO) | 4 baOdO  40Rdp eae 
Oe ee ee 184560. | + 11140. 
ie, GLO). .<... 203190. |. — 7500. 100070 
ee 183890. | + 17410. Saree 
(Carlo GHsO)s ca ko: 205640. — 4340. f 
1) (C(O) tie ee nae ee eam 151010. + 35920. 186930 
bMesCl>6H.O)......:. 183980. +2950. ; 
OO oe 321960. | + 153690. 475650. 
10 S12 a ae 111990. + 16010. } 128000 
(Mn, Ch, 4H2O)....-... 126460. + 1540. ‘ 
Oh leet ees 97210. + 15630. 112840. 
(DCS CANS ee ae ea 93240. + 3010. 96250.” 
Cd; Ci,-21L0).... 98530. |  — 2280. 
Mreseb ior es te 82050. | + 17900. 99950 
Pee by 4H.O)... 6.2: . 97200. + 2750. : 
Pepe leh ges he ees 192080. + 63360. 255440. 
yee aS ~ 76480. + 18340. 94820 
(Go, Cl> GH.O) 0 oo. 97670. — 2850. : 
OSC eae ae 74530. | -+ 19170. aeane 
(Ni, Ch, 6H.0)..... a 94860. | — 1160. 
Pela. ts... Sa rosy sae pee UR ES se ts 
re OD a ts eta, 51630. + 11080. \ 62710 
Rem Ob 2HsO). tert 3, 58500. + 4210. 
OPC bite bie Ace es 82770. — 6800. 75970. 
Meee )ia. 2-6 sk oo | Lies Steen Gate Geb 
TS ee Ol) See eee 54490. — 3300. 51190. 
(Hg, Ch, 2KCl, H.O)... 60620. — 16390. 44230. 
Se eee 5 a wig ag, 97160. — 20200. 76900. 
(Ags, Cl.) Seite ew acdte cre tee 58760. eel TM ckrets sth oars Pa || PANU R Ice Too cael ca 
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HEAT OF FORMATION (Continued) 
CHLoRIDES (Continued) 


Heat of for- Heat of for- 
: Heat of solu- Pieter 
Reaction pragwon: tion of the pete, 
pound compound solution 
(Au, Cl) {1600 oe. ce ee 
PRC te ee 22820. | + 4450. ee) 
(Au; Gls, 2820) eae ae 28960. — 1690. 
(Au, Gl Hy 450)... 76950. | — 5830. 71120 
(Snipa th oat 80790. + 350. \ 81140 
(Sn, Cl, 2H2O).. 86560. — 5370. 
(Sn, Ch, 2KCI, H,0)”. 85680. — 13420. 72260 
(Sn, C],) liquid Jigi opie L27200. + 29920. 157170 
(Sn, Ch, 2KC]) 151400. — 3380. 148020 
(Pd, Ch, 2KCl) 52670. | — 13630. 39040 
(Pd, Cl, 2KCl) 79060. — 15000. 64060 
(Pt, Cle, 2KCl) 45170: — 12220. 32950 
(Pt, Cle, 2NH,Cl) 42550. — 8480. 34070 
(Pt- Gh 2KC)) 89500. — 13760. 75740 
(Pt-Chy 2Na Cys ye. 73720. + 8540. \ 89960 
(Pt, Cl, 2NaCl, 6H20).. 92890. — 10630. 
(Te, lites oes a eee Se 77380. + 20340. 97720 
(As, Cl;) liquid......... 71390. + 17580. 88970 
a(S Ch eels Conk O13908 «| S55: oa bP Pee 
(SHAG) liquid... 3%. 1048705) od SE Se eee 
(BINGE) ecb atieee A 00680). | oe. ee | een 
OxIDES AND HyDROXIDES 
Reaction phan Reaction Lhe) 
(Ke, O, Aq). . 164560. || (Sr, O, H:O)...... 146140 
(Nae; O, Ag)... 2). 155260. |; (Ca, O, H,O)-.,.., 160540 
(LusO Aa) a2. ot 166520. || (Mg, O, H,0)..... 148960 
(Th OoAG): ) Ae 39160. || (Mn, O, H,O 94770 
(Ba, OF 'Aq).-55. 434% x + 12260. || (Zn, O, H,O)..... 82680 
(SeOoAgi ats 157780, || (Sn, O, H2O) 68090 
(Ca, O, Aq) 163330, || (Fe, O, H.O) 68280 
(Ke, O, H2O) 137980. || (Cd, O, H,O) 65680 
(Nav, O, H2O) 135380. || (Co, O, H:O)..... 63400 
CE: FO) ae saa 45470. || (Ni, O, H.O).....} 60840 
(Bay Osos ae x — A), Hs) oo eh eee et 
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HEAT OF FORMATION (Continued) 


OxIDES AND HyproxipEes (Continued) 


. Thermal 
Reaction bftact 

(Pd. 0, #1,0)...... 22710 
(Pt, O, H.0) 19220 
(Sn, Or, H20) FAG es 133500 
(Mn, O», HO). 116330 
dO .0).,. 30430 
pte, HO)... 77180 
fe 2FLON.. 250320 
(Sbs, Oz, 3H,0) 167420 
eo, SEO)... 137740 
(PB, Oy, 3H,0)..... 400120 
(Asp, Oe 3H20) . mak 226180 
(Shs, Os, 3HO)....] 228780 
fc 0,11 Aa)... |<. 116460 
(Na, 0, H, Aq)....| 111810 
(0,8, Ab).....|. 117440 
Mien Aa). 53760 
(Ba, e” ae Aq) nee xX + 80620 
(Sr, Oo, Ha, Aq).. 226140. 
231690. 


(Ca, D, He Ad)... 


Reaction 


(Nis, Os, naal BRC 
(Th, Os, xH.O) eats fe 
(Aub, Os, xH,O). 5 


SuLpHipEs (Rhombic Sulphur) 


. Thermal 
Reaction effact 
plac ARO) 83 oe io 7290. 
(Ks, S, Aq) 111290. 
(Naz, 8, Aq) 101990 
(Liz, 8, Aq 113250 
(Ba, 8, Aq) x — 40840 
yes 0) er 104680 
Moa yds ke 2. 110230 
(Mn, S, xH,0) 44390 
(20, 5) RH) cia: . 39570 
Od, 8, xH20)..... 32350 
(Fe, 8, xH20) 21770 
(Co, 8, xHyO)...... 19730 
(Ni, S, xH20).... 17309 


Reaction 


(ik 8 Hy Aq)... 
(NaS, HoAg).. 
(Li,.8, Hy Aqy-... 
(Ba, Se, Hi,” Aq) Sua, 
(Sr, Se, 2 Aq).. 


T Ut os FUR oe 


Thermal 
effect 


x represents the unknown value (Ba, O, HO). 
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SULPHURIC ACID 


Spreciric GRAVITY OF AQUEOUS SOLUTIONS. 
LunGeE, IsLER AND NAEF 
(From the Chemiker Kalender, published by Julius Springer, Berlin.) 


To 

Sp. Pe Deg. Bye a cae FSO. ee Deg. mee ee aay 
15° C Bé. peste H2SO4| kg. in 15° C. Bé. dell. H2S04| kg. in 

- y wt.}1 liter. by wt.|1 liter. 
1000.41.00 0 | 0.09/0.001}} 1.210 |25.0| 42 |28.58)0.346 
1,005.12 02% 1 170:.9510-009 | 1.215 1255)? * 438 1290s 2 Ors 
1010 2) 24 21 1.57/0.016]} 1.220 |26.0} 44 |29.84/0.364 
120 Syie Zee 3 1 2°3010 0234) 1.225 |26:41°-45 180. 48)/07343 
1 Oe a A 4 | 3.03/0.031]| 1.280 |26.9} 46 {31.11/0.382 
1.0255) 324 5 | 3:7610.039||.1.285 |27.4) 47 131.7010. 391 
1.030 | 4.1 6 | 4.49/0.046]| 1.240 |27.9)— 48 |382.28]0.400 
1.035 | 4.7 7 | 5.23/0.054}| 1.245 |28.4| 49. 1382.86/0.409 
1.040 | 5.4 8 | 5.9610.0621| 1.250 |28.8) 50 183.43/0.418 
1,045.1 6.0 9 | 6.67/0.071 || 1.255 |29.3) 51 |34.00/0.426 
1.050.|.6.7| 10 |) 7.37/0.077)| 1.260 |29.7| 52 |34.57/0.435 
1.055 | 7.4] 11 | 8.07/0.085)| 1.265 |30.2] 53 /35.14/0.444 
1.060 | 8.0} 12 | 8.7710.093)) 1.270 |30.6| 54 185: 71/0. 454 
1.065 | 8.7] 13 | 9.47/0.102)| 1.275 [31.1] 55 |36.29)/0. 462 
1.070 | 9.4} 14 |10.19]/0.109}]} 1.280 {31.5} 56 |86.87|0.472 
1.075 |10.0| 15 |10.90/0.117)|| 1.285 |32.0] 57. |387.45/0.481 
1.080 110.6} 16 |11.60/0.125]| 1.290 |382.4; 58 |38.03)0.490 
1.085 111.2] 17 {12.30/0.133)| 1.295 {32.8)~ 59 138. 61/0750 
1.090 111.9} 18 |12.99/0.142 || 1.300 [33.3] 60 |39.19/0.510 
1.0905 112.4) 19 |13.67/0.150)) 1.305 |83.7| 61° |89.77|0.519 
1.100 113.0} 20 |14.3510.158 || 1.310 |84.2| 62 |40.35)/0.529 
1.105 113.6} 21 |15.03/0.166 || 1.315 |84.6} 63 |40.93/0.538 
1.110-14.2} 22 115.7110.175 || 1.320 135.0] 64 [41.50/0 548" 
1.115 114.9}. 23 |16.36/0.183 || 1.3825 135.4) 65 |42.08/0.557 
1.120 115.4| 24 |17.01/0.191 |} 1.330 135.8! 66 |42.66/0.567 
1.125 |16.0| 25 |17.66/0.199 || 1.335 |86.2| 67 |48.2010.577 
1.130 116.5| 26 |18.31}0.207 || 1.3840 |86.6} 68 |48.7410.586 | 
1.135 117.1} 27 |18.96/0.215 ||: 1.3845 |387.0| 69 144.2810.596 © 
1°1407/17.7| 28-119: 6110'223:||" 12350" 137-41 ~70 144262107 Gis 
$2145 118.3]: 29 |20.26/0.231 |) -1.355 137-8) 71. 145 °35107614 
1.150 |18.8| 30 |20.91/0.239 1.3860 {88.2} 72 |45.88)0.624 
1.155 .|19.3| 31 |21.55}0.248 || 1.365 |88.6] - 73 |46.4110.633 
1.160 119.8] 32 |22.19|0.257)|| 1.870 |39.0| 74 |46.9410.643 
1.165 |20.3] 33 |22.8310.266]| 1.375 |389.4| 75 |47.47/0.653 
1.170 |20.9| 34 |23.47|0.275)| 1.880 |39.8| 76 |48.00/0.662 
1.175 121.4) 35-124. 12/0283 1885-14021)” 77 4825510072 
1.180 122.0] 36 |24.76)0.292|) 1.390 |40.5| 78 |49.06/0.682 
1.185 |22.5| 37 |25.40/0.301]| 1.395 |40.8| 79 |49.5910.692 — 
1.190 123.0} 38 |26.04/0.310)|| 1.400 /41.2} 80 |50.11/0.702 © 
1.195 |23.5| 39 |26.68/0.319]} 1.405 |41.6} 81 |50.63/0.711 © 
1.200 |24.0} 40 |27.32)/0.328]| 1.410 |42.0) 82 |51.15)0.721 | 
1.205 |24.5| 41 |27.95)0.337|| 1.415 |42:3] 83 |51.66)0.730 9 


: 
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SULPHURIC ACID (Continued) 


p. gr- 
Se Dee. ree 
15°C dell. 
1.420 142.7) 84 
1242571435185 
1.430 |48.4] . 86 
$2435°143 8} 87 
1.440 |44.1| 88 
1.445 |44.4| 8&9 
1.450 |44.8| 90 
1.455 445.1) -91 
13460 |45.4| 92 
1.465 145.8} 93 
T,470 146: 1) 94 
1.475 146.4) 95 
1.480 |46.8] 96 
1.485.147-T' 97 
1.490 |47.4| 98 
1.495 147.8}. 99 
1.500 |48.1}| 100 
1.505 |48.4; 101 
1.510 |48.7) 102 
1.515 |49.0) 103 
1.520 |49.4) 104 
1.525149. 7| 105 
1.530 150.0) 106 
Pepee° 150.0) 107 
1.540 150.6) 108 
Ee: 50.9} 109 
175908,51..2) 110 
1\955. 151. 5-711 
E560) (51.8) 112 
L.905)fo2 1) 213 
157052. 41114 
£5 s57152../| ALS 
1.580 153.0) 116 
$585 18. 3|° 117 
12000 1oo-OrbLS 
1.595. 1538.9} 119 
1.600 |54.1| 120 
1,605. 154.4) 121 
1.610 |54.7| 122 
b-6157155..0,- 1238 
£66207 155...2) 124 
PP O2500105.50| 0125 
1.630 155.8} 126 
1.635 |56.0| 127 
1.640 |56.3} 128 


Per | Total 
cent. | HeaSO4 
H2SOz! kg. in 
by wt./1 liter. 


42\1.141 


Speen: 
at 
LOC} 


Fh ee et et et et ee ee ee ee ee ee ee ee ek ee ee et ek ee ek et et et tt 


De tee L 
Be. | gene 
56.6} 129 
56.9} 130 
B71) 131 
of 44132 
SF. 1 133 
57.9}. 134 
58) 2 135 
HS. 41° 136 
58.7) 137 
58.9} 1388 
59.2) 139 
59.5) 140 
59.7; 141 
60.0) 142 
60.2} 148 
60.4} 144 
60.6} 145 
60.9) 146 
61. FT| -147 
61.4) 148 
61.6] 149 
Gl 8) 20 
62.1) 151 
2, 6° woe 
G2. St 153 
62.8) 154 
63.0) 155 
63.2) 156 
Goa. 5] 13é 
Gaz) 158 
64.0} 159 
64.2} 160 
64.4) 161 
64.6] 162 
64.8] 1638 
65.0! 164 
65.1 f 
65-22 ; 
165 
65.3 ; 
65.4 


Per | Total 
cent. | H2SO ~ 
H2SOa| kg. in 
wt.|1 liter. 
€2.-50|-1 2193 
72.96] 1.204 
73240) 1-215 
73.81)1.225 
74.2411 .230 
74.66] 1.246 
75.08}1.259 
75.50) 1.268 
75.94|1.278 
76.38) 1.289 
16-7614-301 
fa ead Ws) 8) lakes st 
Cé. COR o23 
78.0411 .334 
78 .48|1.346 
78 .92)1.357 
79 .36|1.369 
79.80)1.381 
80.24/1.392 
80.68) 1.404 
81.12/}1.416 
81.56/1.427 
82.00/1.439 
82.44/1.451- 
83.011. 465 
83. O111 478 
84.02}1.491 
84.50} 1.504 
85.10}1.519 
85.70} 1.534 
86 .30)1.549 
86 .92}1.564 
87.60)1.581 
88 .30)1.598 
89.16}1.618 
90.05!1.639 
90 .20/1.643 
90.40} 1.647 
90.60/)1.651 
90.80) 1.656 
91.00]1.661 
91.25/1.666 
91.50/1.671 
91.70|1.676 
.90}1.681 
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To er. 

Sp. er Deg. Tweil- ee HSOs Bp. er Deg. Bei d sce HoSOs 
resc, | BE) "Sant | Sa8CH gle || asec. | Be [dell AGH ae 
1.830 |....] 166 |92.10/1.685]/ 1.840 |35.9} 168 |95.60)1.759 
1.831 165.5] ... |92.43/1.692]; 1.8405}. 95.95) 1.765 
EsB3e wll dl ext IBA Se Ole 1.8410].... 96.38} 1.774 
1.833 |65.6 92.97/1.704)]) 1.8415).... 97 .35} 1.792 
1,834 10.04 2.0 [98.2510 710 TR4100, 2, 98 .20) 1.808 
1.835 165.7} 167 |93.56/1.717|) 1.8405).... 98 .52}1.814 
18365. 3H" cee 108: 801722) AE R408 Ce, 98 .72}1.816 
LBS 6 Hh 94.25]1.7380]) 1.8895].... 98 .77)/1.817 
1.838 |65.8 94.60)/1.739)| 1.8390).... 99 .12}1.823 
1.839 (s. .. 95.00/1.748}| 1.8385).... 99 .31/1.826 
ACETIC ACID 
Spreciric Gravity or Aqueous SouuTIONs, aT 15° C. 

- OQUDEMANS 
(From the Chemiker Kalender, published by Julius Springer.) 
Specifie | Pr. ct.|| Specific Per Specific Per Specific Per 
gravity. |by wt.|| gravity. | cent gravity. | cent. gravity. | cent. 
0.9992 0 1.0363 | 26 T.0631.4 52 1.0748 78 
1.007 1 le 120375. ee 1.0638 | 538 1.0748 79 
1.0022 2 1.0388 | 28 1.0646 | 54 1.0748 80 
1.0037 3 1.0400 |; 29 1.0653 | 55 1.0747 81 
1.0052 4 1.0412 | 30 1.0660 | 56 1.0746 82 
1.0067 4) 1.0424 | 31 1.0666 | 57 1.0744 83 
1.0083 6 1.04386. | 32 T0678 458 1.0742 84 
~ 1.0098 ie 1.0447 | 33 1.0679 | 59 1.0739 85 
1.0118 8 1.0459 | 34 1.0685 | 60 1.0736 86 
1. 012¢ 9 1.0470 | 35 1.0691 | 61 1.0731 87 
*1:0142 4. 10 1.0481 | 36. 1.0697 | 62 1.0726 | - 88 
POLO TH). dak 1.0492 | 37 1.0702 | 63 1.0720 | 89 

120171.) 12 || .1.90502.:|- 38 1.0707 | 64 1.0713 90 

=1,0185 | 138 1.0513} 39 ToOO712.1 Bb 1.0705 91. 

1.0200 | 14 1.0523 | 40 1.0717 | 66. || 1.0696 92 
1.0214 | 15 1. 053ac) 41 1.0721 | 67 1.0686 
1.0228 | 16° || 1.0543 | 42 1 0724-1 63 1.0674 

1 D202 4 Ad 1.0552 | 438 1.0729 | 69 1.0660 
1.0256 | 18 1.0562 | 44 1.0733 | 70 1.0644 
1.0270 | 19 1.00725 .48 LDA Wee a | 1.0625 
1.0284 | 20 1.0580 | 46 1.0740 | 72 1.0604 
1.0298 | 21 1.0589 | 47 1.0742). 73 1.0580 
1.0311 | -22 1.0598 | 48 1.0744 | 74 1.0553 
1.0324 | 23 1.0607 | 49 1.0746 | 74 

1, 0337.|. 24 1.0615 | 50 | 3 Wc a a 42 

1.0350 | 25 15.0623} 5i 1.0748 | 77 
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NITRIC ACID 
SPECIFIC GRAVIRY OF Aqurous SoLuTIons 
(From the Chemiker Kalender, published by Julius Springer, Berlin.) 


Sp. gr. Degrees Degrees |Per cent HNOs Total HNOs 
at 15° GC, Baumé. | Lwaddell.| (by weight. Kg. in 1 liter. 
1.000 0.0 0 0.10 0.001 
1.005 Ost, 1 1.00 0.010 
1.010 1.4 2 OO 0.019 
1.015 yak 3 2.80 0.028 
1.020 2.7 4 3.70 0.038 
1.025 3.4 5 4.60 0.047 
1.0380 4.1 6 5.90 0.057 
1.085 4.7 7 6.38 0.066 
1.040 5.4 8 7.26 0.075 
1.045 6.0 (a9 8.13 0.085 
1.050 6rd 10 8.99 0.094 
1.055 7.4 ui 9.84 0.104 
1.060 8.0 12 10.68 0.118 
1.065 Sat, 13 Lt 0.128 
1.070 9.4 14 12.33 0.182 
1.075 10.0 15 13.15 0.141 
1.080 10.6 16 13.95 0.151 
1.085 11.2 es 14.74 0.160 
1.090 11.9 18 15.53 0.169 
1.095 12.4 19 16.32 0.179 
1.100 13.0 20 17 oi 0.188 
1.105 13.6 21 17.89 0.198 
T¢il0 14.2 22 18.67 0.207 
1.115 14.9 23 19.45 0,217 
1.120 15.4 24 20.28 0.227 
1.125 16.0 25 21.00 0.236 
1.130 16.5 26 21.77 0.246 
1.135 ge 27 22.54 0.256 
1.140 Wes 6 28 23.31 0.266 
1.145 18.3 29 24.08 0.276 
1.150 ES eee? 30 24.84 0.286 
1.155 19.3 dl 25.60 0.296 
1.160 Ses: 32 26 .36 0.306 
1.165 20.3 33 27.12 0.316 
1.170 20.9 34 27.88 0.326 
leiyo.. 21.4 30 28 .63 0.336 
1.180 22.0 36 29.38 0.347 
1.185 22.5 37 380.13 0.357 
1.190 23.0 38 30.88 0.367 
1.195 23.5 39 31.62 _ 0.378 
1.200 24.0 40 32.36 0.388 
1.205 24.5 41 33.09 0.399 
1.210 ZO Mee 42 33.82 0.409 
1.215 25.5 43 34.55 0.420 
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NITRIC ACID (Continued) 


Sp. gr. Degrees Degrees | Per cent HNO: | Total HNOs 
yr ikaee On Baumé, | Twaddell. by weight. kg. in 1 liter. 
1.220 26.0 44 35.28 0.430 
1.225 26.4 45 36.03 0.441 
1.230 26.9 46 2 80.13" 0.452 
1.235 27.4 47 37.53 0.463 | 
1.240 210) 48 38 . 29 0.475 
1.245 28.4, © 49 39.05 0.486 
1.250 28.8 50 39.82 0.498 
1.255 29.3 ol 40.58 0.509 
1.260 29.6 52 41.34 0.521 
1.265 30.2 53) 42.10 0.533 
1.270 30.6 54 42.87 0.544 
1.275 olen 55 43.64 0.556 
1.280 31.5 56 44.41 0.568 
1.285 32.0 ov 45.18 0.581 
1.290 32.4 58 45.95 0.593 
1.295 32.8 59 46.72 0.605 
1.300 33.93 60 47.49 0.617 
1.305 33.7 61 48 .26 0.630 
1.310 34.2 62 49.07 0.643 
1.315 34.6 63 49.89 0.656 
1.320 35.0 64 50.71 0.669 
1.325 35.4 65 51.58 0.683 
1.330 35.8 66 52.37 0.697 
1.3325 36.0 66.5 52.80 0.704 
1.335 36.2 67 53.22 0.710 
1.340 36.6 68 54.07 0.725 
1.345 37.0 69 54.93 0.739 
1.350 37.4 70 55.79 0.753 
1.355 37.8 71 56.66 0.768 
1.360 38 .2 72 57.57 0.783 
1.365 38 .6 73 58.48 0.798 
1.370 39.0 74 59.39 0.814 
1.375 39.4 75 60 . 30 0.829 
1.380 39.8 76 61.27 0.846 
1.3833 AOSD Or stitree 61.92 0.857 
1.385 40.1 77 62.24 0.862 
1.390 40.5 78 63.23 0.879 
1.395 ' 40.8 79 64.25 0.896 
1.400 41.2 80 65.30 0.914 
1.405 41.6 81 66.40 0.933 
1.410 42.0 82 67.50 0.952 
1.415 42.3 83 68 .63 0.971 
1.420 42.7 84 69.80 0.991 
1°425 — 43.1 85 70.98 1011 
1.430 43.4 86 72.17 1.032 
1.4385 43.8 87 73,.39 1.053 
1.440 44.1 88 74.68 1.075 
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NITRIC ACID (Continued) 


Sp. gr. Degrees Degrees | Per cent HNOs| Total HNOs 
eitiaet oon Cr Baumé. Twaddell. by weight. kg. in 1 liter. 
1.445 44.4 Niet), 75.98 1.098 
1.450 44.8 90 41.28 1.121 
1.455 45.1 91 78.60 1.144 
1.460 45.4 92 79; 98 1.168 
1.465 45.8 93 81.42 1.193 
1.470 46.1 94 82.90 1.219 
1.475 46.4 95 84.45 1.246 
1.480 46.8 96 86.05 1.274 
1.485 47.1 97 87.70 1.302 
1.490 47.4 98 89.60 1.355 
1.495 . 47.8 © oo 91: 60 1.369 
1.500 48.1 100 94.09 1.411 
1.505 48 .4 101 96.39 1.451 
1.510 48.7 102 98.10 1.481 
1.515 49.0 103 99.07 1.501 
1.520 49.4 104 99167 1.515 


HYDROCHLORIC ACID 


SPECIFIC GRAVITY OF AQUEOUS SOLUTIONS 
_ (From the Chemiker Kalender, Published by Julius Springer, Berlin.) 


ee: oe Total p. gr. Tyee ss Total 
cal pee. Teal cent. he ie pus Pee: Twad- beh one 
pa OF deli. | HCl. ona 15°C. - | dell. | HCL. fees 
1.000 | 0.0; 0.0) 0.16/0.0016)/1.115 |14.9] 23 |22.86/0.255 
15005--0.7),-. 1 1.45/0.012) 11.120; 115: 4)°24 «123 .8210.. 267 
F010;|-1 4}. 2 2.14/0.022 ||1.125 |16:0| 25 |24.7810.278 
EOta 2213.3 3.12/0.032 1.180 |16.5) 26 |25.7510.291 
12020.) 2. 71.- 4 4.13}0.042 ||1.135 |17.11|-27 |26.7010.303 
$0257 j-44)4%.5 5.15/0.053 1|1.140 |17.7| 28 |27.66/0.315 
e030") 4.11...6 6.15|0.064 |/1.1425)18.0) .. |28.14/0.322 
P.0s5e1.4 71. 7 7.15)0.074 11.145 |18.3] 29 |28.6110.328 
12040: )°5.41...8 8.16}0.085 ||1.150 |18.8) 30 |29.57/0.340 
1.045 | 6.0) 9 9.16/0.096 ||/1.152 ]19.0] .. |129.9510.345 
1.050 | 6.7; 10 |10.17/0.107 }/1.155 119.3] 31 1|30.5510.353 
1.055 |\7.4) 11 |11.18)0.118 |}1.160 |19.8| 32 |31.52/0.366 
£2060158- 0) 12112-1910: 129.111. - 163. (20.0)... 132-1010.373 
1.065 | 8-7 13 113.1910. 141 111.165 |20:3| 33. |32.4910.379 
1.070 | 9.4) 14 |14.17'10.152 11.170 |20.9! 34 133.4610.392 
P-Oi5 10,0015 1f5:160-163 1-171 (21-01... - 133.6510 394 
1.080 |10.6| 16 |16.15)0.174.|]1.175 |21.4| 35 134.4210.404 
1.085 |11.2}) 17 |17.138/0.186 ||/1.180 |22.0} 36 1|135.3910.418 
1.090 |11.9} 18 |18.11]0.197 }/1.185 122.5) 37 |36.3110.430 
1.095 |12.4| 19 |19.06/0.209 |/1.190 |23.0) 38 137.2310.443 
1.100 {13.0} 20 |20.01/0.220 |/1.195 |23.5] 39 |38.1610.456 
1.105 {13.6} 21 |20.97/0.232 |/1.200 |24.0) 40. |39.1110.469 
1440204. 2) 23> 1214. 9210, 243 : 
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AMMONIUM HYDROXIDE 
SpEciFIc GRAVITY OF AQuEOUS SOLUTIONS AT 15° C. 
(From the Chemiker Kalender, published by Julius Springer, Berlin.) 


Specific Per cent | Total NHs Specific Per cent Total NH3 


gravity NH3 g. per liter gravity NHs3 g. per liter 
1.000 0.00 0.0 0.940 15.63 146.9 
0.998 0.45 4.5 0.988 16. 22 152.1 
0. 996 0.91 9.1 0. 936 16. 82 157-4 
0.994 oe 13.6 0. 934 47.42 162.7 
0. 992 1.84 18.2 0.982 18.03 168.1 
0,990 Deow 22.9 0.930 18. 64 173.4 
0.988 2.80 raphe if 0.928 19.25 178.6 
0.986 3.30 32D 0. 926 19.87 184.2 
0.984 2 SU) 37.4 0. 924 20.49 189.3 
0, 982 4.30 422 0.922 21.12 194.7 
0.980 4.80 47.0 0. 920 91-75 200. 1 
0.978 5.30 SB) 0.918 22.39 205.6 
0.976 5.80 56.6 0.916 Zoe 210.9 
0.974 6.30 61.4 0.914 23.68 2G. 
0.972 6. 80 66.1 0.912 24.33 221-9 
0.970 flee 70.9 0.910 24.99 227.4 
0.968 1282 res were 0.908 25.05 232.9" " 
0. 966 8.33 80.5 0.906 26. 31 238.3 
0.964 8.84 85, 2 0.904 26,98 243.9 
0. 962 9.35 89.9 0.902 21.08 249.4 
0.960 9.91 95,1 0. 900 28,08 200. 0 
0, 958 10,47 100.3 0.898 29,01 260.5 
0.956 11; 08 105.4 0. 896 29,69 266.0 
0.954 11.60 Vi ku ng 0.894 510 esis Py i ie) 
0.952 1217, 115.9 0.892 31°05 277.0 
0.950 12°72 121.0 0.890 Bee ee 282.6 
0.948 18.31 126 2 0.888 32, 50 288. 6 
0.946 13.88 i Bs liege 0.886 39,25 294.6 
0.944 14.46 tan. 4 0. 884 34,10 301.4 
0.942 15.04 141.7 0.882 34,95 308.3 
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POTASSIUM HYDROXIDE 


SpPeciFIcC GRAVITY oF AQuEOUS SOLUTIONS AT 15° C. 


Specific 
gravity 


‘ 
F é 
Pe et ee ee tk en fk fk fk ek ek ek fd ft fk ek ek ek fk fk pe ed dl ak ee fee fk fe fk peed peek feed feed eed fk eek fk fed fe 


-007 
-014 
-022 
-029 
-037 
“045 
-052 
-060 


Deg. 


Bauiné © 


OOANOOFPWNE 


Deg. 
Twaddell 


nN 
: Qo 
DO ROBNODHABAAAWOKRRAOKHOROMPLROMRARNNOCCCOCONKBKERDOONRONRDOROKOLRMOHOOL 


' Per cent KOH, kg. 
KOH by wt. per cu. m. 
0.9 9 
ory 17 
2.6 26 
3:5 36 
4-5 46 
5:6 58 
6-4 67 
7-4 78 
8-2 88 
9-2 99 
10-1 109 
10-9 119 
12-0 132 
12-9 143 
13-8 1538 
14-8 167 
15-7 178 
16-5 188 
17-6 203 
18-6 216 
19-5 228 
20-5 242 
21-4 255 
22-4 269 
23-3 282 
24-2 295 
25-1 309 
26-1 824 
27-0 338 
28-0 353 
28-9 368 
29-8 385 
30-7 398 
31-8 416 
e2-7 432 
33-7 449 
34-9 469 
35.9 487 
36-9 506 
37-8 §22 
38.9 543 
39-9 563 
40.9 582 
42-1 605 
43-4 631 
44-6 655 
45-8 679 
47-1 706 
48-3 731 
49-4 756 
50-6 779 
51-9 811 
Bees 840 
54-5 870 
55-9 902 
57-5 940 
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SODIUM HYDROXIDE 
Speciric Graviry oF AQquEous SoLuTions aT 15° Cc 


Specific Deg. 


Deg. ~ Per cent NaOH, kg. 

gravity Baumé Twaddell NaOH by wt. per cu. m. 
1-007 1 1-4 0-59 6-0 
1-014 2 2-8 1-20 12-0 
1-022 3 4-4 1-85 18-9 
1-029 4 5-8 2-50 25-7 
1-036 5 (ieee 3-15 32:6 
1-045 6 9-0 3-79 39-6 
1-052 7 10-4 4-50 47-3 
1-060 8 12-0 5-20 55-0 
1-067 9 13-4 5-86 62-5 
1-075 10- 15-0 6-58 70-7 
1-083 itd 16-6 7-30 79-1 
1-091 12 18-2 8-07 . 88-0 
1-100 13 20-0 8-78 96-6 
1-108 14 21-6 9-50 10523 
1-116 15 23-2 10-30 114-9 
1-125 16 25-0 11-06 124-4 
1-134 irs 26-8 11-90 134-9 
1-142 18 28-4 12-69 145-0 
1-152 19 30-4 13-50 155-5 
1-162 20 32-4 14-35 166-7 
iio ba PA! 34-2 Plies 177-4 
1-180 oo 36-0 16-00 188-8 
1-190 23 38-0 16-91 201-2 
1-200 24 40-0 17-81 213-7 
1-210 2a) 42-0 18-71 226-4 
1-220 26 44-0 19-65 239-7 
eat Di 46-2 °* 20-60 253-6 

1-241 28 48-2 21-55 267-4 | 
252 29 50-4 22-50 281-7 
1-263 30 52-6 23-50 296-8 
1-274 31 54-8 24-48 311-9 
1-285 32 57-0 25-50 327-7 
1-297 33 59-4 26-58 344-7 
1-308 34 61-6 27-65 361-7 
1-320 35 64-0 28-83 380-6 
1-332 36 66-4 30-00 399-6 
1-345 37 69-0 31-20 419-6 
1-357 38 71-4 32-50 441-0 
1-370 39 74-0 Solow 462-1 
1-383 40 76-6 35-00 484-1 
1-397 41 79-4 36-36 507-9 
1-410 42 82-0 37-65 530-9 
1-424 43 84-8 39-06 556-2 
1-438 44 87-6 40-47 582-0 
1-453 45 90-6 42-02 610-6 
1-468 46 93-6 43 -58 639-8 
1-483 47 96-6 45-16 669-7 
1-498 48 99-6 46-73 700-0 
1-514 49 102-8 48-41 732-9 
1-530 50 106-0 50-10 766-5 
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POTASSIUM CARBONATE 
SPECIFIC GRAVITY OF AQUEOUS SOLUTIONS AT 15° C. 


Specific Per cent Specific Per cent Specific Per cent 
gravity Ke2CO3 gravity KeCOs gravity KeCOsz 
1-00914 1 1-18265 19 1-38279 37 
1-01829 2 1-19286 20 1-39476 38 
1-02743 Bs 1-20344 2 1-40673 39 
1-03658 4 1-21402 22 1-41870 40 
1-04572 5 1-22459 23 1-43104 41 
1-05513 6 2307 24 1-44338 42 
1-06454 7 1-24575 ae 1-45573 43 
1-07396 8 1-25681 26 1-46807 44 
1-08337 9 1-25787 we7 1-48041 45 
1-09278 10 1-27893 28 1-49314 46 
1-10258 TH: 1.28999 29 1-50588 47 
1-11238 ye 1-30105 30 1-51861 48 
1-12219 13 1-31261 ot 1-53135 49 
1-13199 14 1-32417 32 1-54408 50 
1-14179 15 1-33573 33 1-55728 51 
1-15200 16 1-34729 ie OF 1-57048 52 
1-16222 iN 1-35885 SD 1-57079 51-024 
1-17243 18 1-37082 PT Sree | ian | see 


SODIUM CARBONATE 
Sprciric GRAVITY OF AQUEOUS SOLUTIONS AT 15° C. 


Per cent Per cent 
Specific NazCO3 | Per cent Specific NazCO3 Per cent 
gravity +10H20 Na2CO3 gravity +10H20 NaeCOs 
1-0038 1 -370 1-0628 16 5-929 
1-0076 2 .741 1-0668 Va 6-299 
1-0141 3 tate 2, 1-0708 18 6-670 
1-0153 4 1-482 1-0748 19 7-011 
1-0192 Es 1-853 1-0789 20 7-412 
1-0231 6 2-223 1-0830 21 7-782 
1-0270 7 2-594 1-0871 22 8-153 
1-0309, 8 2-965 1-0912 GBs 8-523 
1-0348 9 3:335 1-0953 24 8-894 
1-0388 10 3-706 1-0994 25 9 - 264 
1-0428 11 4-076 1-1035 26 9-635 
1-0468 12 4-447 1-1076 27 10-005 
1-0508 13 4-817 1-1117 28 10-376 
1-0548 14 5-188 1-1158 29 10-746 
1-0588 15 5-558 1-1200 30 11-118 
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ALCOHOL BY VOLUME 
TRALLES 


Spreciric GRAvITY AT 15°. 56 C. 


(From the Chemiker Kalender, published by Julius Springer, Berlin.) 


Speci 

leak ie ae 
0.9976 26 
0.9961 Da § 
0.9947 28 
0.9933 29 
0.9919 30 
0.9906 3l 
0.9893 32 
0.9881 33 
0.9869 34 
0.9857 35 
0.9845 36 
0.9834 {| 37 
0.9823 38 
0.9812 39 
0.9802 40 
0.9791 Al 
0.9781 42 
OF97 74 43 
0.9761 44 
0.9751 || 45 
0.9741 46 
0.9731 47 
0.9720 48 
0.9710 49 
0.9700 50 


. 9570 
.9559 


.9526 


.9461 
.9444 
9427 
. 9409 
.9391 
.9373 
9354 
.9335 


Specific 
gravity. 


. 9689 


9679 
9668 


.9657 
. 9646 
. 9654 
. 9622 
. 9609 


9596 
9583 


9541 
9510 


9494 
9478 
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by vol. 


Specific 
gravity. 


0.8739 
0.8712 
0.8685 
0.8658 
0.8631 
0.8603 
0.8575 
0.8547 
0.8518 
0.8488 
0.8458 
0.8428 
0.8397 
0.8365 
0.8332 
0.8299 
0.8265 
0.8230 
0.8194 
0.8157 
0.8118 
0.8077 
0.8034 
0.7988 
0.7939 
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SPECIFIC GRAVITY 


Name 
Acetylene....... CoH 
Higa ce ee 
Ammonia....... NHs3 
JEN TGS 5 ae dap ne A 
IBromime..)... 2. Bro 
Butanemos to CaHio 


Carbon dioxide. .| CO2 
CO 


monoxide..... 


oxychloride... .| COCle 
CO 


oxysulphide... 
C@hilerimes ==... Cle 

monoxide ClO 
Cyanogen....... C2Ne 


2H. 
Ethyl chloride. . .| C2HsCl 
CoH. 


Mthylene.; .. 2... 
Plworine... . 5. es. 


folios eaten es: He 
Hydrochloric acid| HCl 
Hydrofluoric acid.) HF 
Hydriodic acid...| HI 


Hydrogen....... He 
selenide....... H2Se 
telluride. ....-. H2Te 

GY DEON... <s.5.... - Kr 

Methane He sre ree 


2 ae 


Nitrous oxide....| NeO 
Nitrosyl chloride..| NOCI 


OxVPCMes.. hose: 5 


O 
IPhOsSpoIne nic. s ; PH: 
Silicon fluoride...| Sik’s 
Sulphur dioxide. .| SOz 
ENENOM as. casices = x 


OF GASES AND VAPORS 


Mass of| Density, air=1]| Density, O =1 
EATtehe |e ee Lt 

in g. 
760mm.| Ob- Com- Ob- Theo- 
0° C. | served | puted | served | ret. 
1.1708 | 0.9056 | 0.9056 | 0.8193 | 0.8133 
AL DOD REISER 5” TIROOQOT| ti. ae eeels Sree 
0.7708 | 0.5962 | 0.5963 | 0.5394 | 0.5321 
1.7828 | 1.379 1.378 1.248 1.247 
Cel oSSr OrOoad, © |e g4 ll Sak eel ie 5: 
2.5985 | 2.01 San 8 Veleme 1.8155 
1.9768 | 1.5288 | 1.5289 | 1.3832 | 1.3766 
1.2501 | 0.9670 | 0.9670 | 0.8749 | 0.8752 
ACDO Poulos OUO Ds laa Sl 3.0914 
D201 eo MOL lee =e 1.904 | 1.8786 
3.2204 | 2.491 2.4906 | 2.254 2.2162 
Steel) GAMO. ah pee Ae 2.716 
2.3348 | 1.806 | 1.8353.) F634. | 1.6257 
1.3567 | 1.0494 | 1.0496 | 0.9494 | 0.9392 
2.8700 | 2.22 ZO Wee 2.0159 
1.2644 | 0.978 | 0.9753 | 0.885 | 0.8762 
1.6354 | 1.265 ae 1.145 1.187 
OE 6OSROSI S680) wens oe 0.1238 | 0.125 
1.6394 | 1.2681 | 1.2683 | 1.1473 | 1.1396 
OP2USAO TTS oases 0,645 | 0.625 
Hei ZA par A428. lee ee 4.01 4.029 
0.08982) 0.06948) 0.06949] 0.06286] 0.06297 
3.6134 | 2.795 | 2.850 | 2.529 | 2.538 
5.8084 | 4.489 | ...... 4.062 | 4.066 
3.6431 | 2.818 | 2.832 | 2.550 -| 2.556 
0.7167 | 0.5544 | 0.5544 | 0.5016 | 0.5011 
2.3044 | 1.7825: | 1.785 LOl2 7 A578, 
0.8713 | 0.674 ie OOO 0.625 
1.3401 | 1.0366 | 1.0366 | 0.9897 | 0.9391 
1.9781 | 1.5301 | 1.5803 | 1.3844 | 1.8754 
2.9864 | 2,31 Tee Ne) 2.046 
1.4289 | 1.1053 | 1.1053 | 1.000 | 1.0000 
1.5293 | 1.1829 | 1.1830 | 1,0702 | 1.063 
AN OO4iy eo. OO) mia ces ee 3.26 3.259 
2.9268 | 2.2639 | 2.2638 | 2.0482 | 2.0034 

4.422 |4.506 | 4.001 | 4.00 


5.7168 


IONIZATION CONSTANTS OF ACIDS AND BASES 


Moermic: acid’. .....°. 


Acetic acid.... 


Chloracetic acid. . 


Trichloracetic 


Ai Sok ae: 


0.000214 
.0. 000018 
.0.00155 


1.21 
0.00006 


Ammonium hy- 
droxide.... 
Carbonic acid.... 
Hydrogen sulphide 0. 0000000570 


Boric acid 


.0. 000023 
.0. 0000003040 


0. 0000000017 


Hydrocyanic acid..0.0000000013 


121 


HANDBOOK OF CHEMISTRY AND PHYSICS 


DEGREE OF IONIZATION 


In NorMAL SOLUTION AT 18° UnuEss INDICATED 


Acids 
Nitric #icid ace tt ee ee 0.82 + Permanganic acid......... 0.933 
Hydrochloric acid...../....0.784 itale Aigchararehtcr veel Se wr Fc. 0.901 
Sullurte.aetdea te. © sat sere 0.510 Tj Hy drobromic acid 245 acon 0.899 
Hydroiluorie:acid| 2 22.22 aan 0.070 it Perchloric-acid( tae. eee 0.880 
POA ENA CIOs mentee Lee Eats oe 0.500 {:@hloric: Acid: cea ee 0.878 
AAP artariGraAChaer 4 plate ke 0.082 { Ely drochloric-acidvscn. ace 0.876 
FINCELIC ACICI. Mkt ee ee 0.004 1 Phosphoric*acids.=).0sn wane 0.170 
+ CarpoRnicaCld <b erates sc. ee 0.0017 : 
Fal ydrorvensiulider rs) eo oe 0.0007 
ST BOLIC ACI adie eet el ee ee 0.0001 
Tey areCy.amniciacl Gipcenn sees): 0.0001 


*Ino.1 M. solution; primary ionization. 
+ In N/2 solution, at 25°. 


Bases 

Potassium hydroxide......... O37. + Strontium: hydroxide... 0.2. 0.93 
Sodinmas by drosicde 2). las Ome i Barkan day droge wee. see ee 0.92 
Barium hydroxide.......... <.0.69 t Calcium hydroxide........... 0.90 
Lithium thy droxidesens «occa 0.63 
Ammonium hydroxide........ 0.004 
Tetramethyl ammonium 

VO KIGE pr tyes Oras oom ts ore 0.96 


t In N /64 solution, at 25°. 


Salts 
Approximate degree of ionization for active salts in N/10 solution: 
aT ype Anat ie (eas ISOB ae oe eaten eee eee ees 0.86 
Type Re: R= a (ere= Ba Gls) eee cee etree 0.72 
‘Dype (RoR = "(e.g RESO Ee see aed ee 0.72 
Type Rat R= pegs BasOn: esas eee ae 0.45 
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SOLUBILITY PRODUCT 


The solubility product (or ion product constant) is the product 
of the concentrations of the ions in the saturated solution of a 
difficultly soluble salt. The concentrations are expressed as 
moles per liter of solution. The number of cations (or anions) 
resulting from the dissociation of one molecule of the salt, ap- 
pears in the formula for calculations of the solubility product as 
the exponent of the concentration of the cation (or anion). 

If two solutions, each containing one of the ions of a difficultly 
soluble salt, are mixed, no precipitation takes place unless the 
product of the ion concentrations in the mixture is greater than 
the solubility product. 

In a solution containing two salts which yield a common ion 
the ratio of solubilities of the two salts is the ratio of the 


solubility products. 


Solubility 


pole uty 

product at product at 

Substance temperature Substance temperature 
noted noted 


Barium carbonate. 
Barium chromate.. 
Barium oxalate... - 
Barium sulfate.... 
Calcium carbonate. 
Calcium oxalate... 
Calcium sulfate... 
Cadmium sulfide. . 
Cobalt sulfide... .. 
Cupric sulfide..... 
Ferrous sulfide... . 
Mercurous chloride 
Mercurous bromide 
Mercurous iodide. . 
Mercurie sulfide... 
Magnesium car- 
bonate 
Magnesium oxalate 
Magnesium ammo- 
nium phosphate 


NO NM RP REWWOWWONNRENH 


.6 X10 


.5 X10-5 (18°) 
.5 X10-18 (18°) 


9X10 (16°) 
4 X10-10 (28°) 
"210-7 (25°) 
“0 X10-19 (25°) 
8 X10-9 
-5X10-7 (25°) 
0 X10-5 (18°) 
6 X10-% (18°) 
0 X10-26 (18°) 
5 X10-45 (18°) 
7 X10-19 (18°) 
5 X10-18 (25°) 
3 X10-21 (21°) 
2 X10-28 (25°) 


(16°) 


4 10-54 (25°) 
(12°) 


Manganese sulfide. 
Nickel sulfide. .... 
Lead carbonate.... 
Lead chromate.... 
Lead oxalate....’.. 
Lead sulfate...... 
head «sulfides... 3% 
Silver chloride... . 
Silver bromide... . 
Silver iodide...... 
Silver bromate.... 
Silver chromate... 
Silver iodate...... 
Silver sulfide...... 
Silver thiocyan- 
ate 

Strontium oxalate.. 
Strontium sulfate. . 
Zine sulnde. 4.5.2. 


PNT FPRWNOORRFWRWRWRR 


.4X10-15 (18°) 
4 X10-24 (18°) 
.3 X10-1 (18°) 
77 X10-14 (18°) 
5 X10-1t (25°) 
.0X10-8 (18°) 
4X 10-28 (18°) 
5 X10-10 (25°) 
.4X10-18 (25°) 
0 X10-17 (25°) 
77 X10-5 (25°) 
6 X10-12 (25°) 
.4X10-8 (25°) 
.6 X10-49 (18°) 
.1X10-12 (25°) 


.6X10-8 (18°) 
.8 X10-7 
.2 X10-28 (25°) 


(18°) 
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ELECTROMOTIVE FORCE SERIES OF METALS 
‘Alkali .. CaRbac Naki c: Lead. snare ena 


0.148 
Alkaline-earth. . Ba.Sr.Ca. . AV GTSCGn oo he eee (H) 0.000 
Maenesidmilrer. ivi: = Meg Gopper. 22S eee Cu 0.76386 
Aa inl Ta aed otha ae Al 1.276 ATHONIC... 5 '.c mee ee ee As 
Man GANGS res ai semiipiter Mn 1.075 Bismuth s-shsen sey ee Bi 
TAC em eee eae: creek eee Dives eine 0 PWal Nag Orehieen Sigh ra ae ae Sb 
ChrO mitt. ahs. oc sone MGTOUTY 225, ies ee Hg 0.748 
Galina. a avin Cd 0.420 Silvers free eee Ag 0.771 
TROT eas ey cet catty avin nasa pas Fe 0.840 Palladium. aren ence 
(Gaballte rs vet acinus tne cone Cora UEZaz PLATT ee ee ee Pt “0.863 
INTGle] Crkerin taza ves aot eas Ni 0.228 GOldiS. ae ee Au. 1.079 
gi Pobis ware res arate ee a RR Sn 0.192 


1. Any metal will replace any other metal, below it in the series, from 
solutions of its salts, thus: 


Fe +CuS0O. =FeSO4+Cu 
Zn +FeSOs =7ZnS0:+Fe 
Fe +2HCl = FeCl: + He 
Zn +H2S804 =Zn8O4+He : 
Cu +HCl =No action. Cu insoluble. 
Ag +HCl =No action. Ag insoluble. 
Cu+(dilute) HexSOs = No action. . 
Ag+CuSOs =No action. Ag below Cu. 


Note.—It is true that dilute and conc. HNO: and hot conr. HeSO« will 
dissolve most of the metals. When they thus dissolve metals below hydrogen 
in the series, the action is an oxidizing one, and the acids are reduced to 
NO and SOs respectively. The metal is first oxidized to the oxide, the 
acid being thus at the same time reduced, and the oxide thus formed then 
reacts with the acid molecule present, and goes into solution as a salt. 


(a) Cu, (dilute) He SO4 =No action. 
(b) Cu+2 (hot conc.) HeSOs4 = CuSO4 +SO2 +220. 


In (b), the Cu is first converted to CuO, thus 
Cu+H280Os4 =CuO +H20 +802, 
then the CuO feacts with another molecule of HeSOa, thus 


CuO +H2SO4 = CuSO4 + H20. 
3Cu +2HNO3 =3Cu0 +2NO +Hs0 
3CuO +6HNOs =3Cu(NOs)2 +3120 
Added 3Cu +8HNOs =3Cu(NOs)2+2NO +420. 


2. In Regard to Ease of Reduction of Oxides.— The metallic oxides down 
to and including Mn can not be completely reduced to the metal state, 
even in a current of hydrogen. The oxides of Cd and succeeding metals 
are easily reduced, and far down the list, the oxides of silver, platinum, 
mercury, and gold are reduced (decomposed into metal and oxygen) even 
by heat alone. 

3. In Regard to Ease of Rusting. (Oxidation in the Air.)—The alkali and 
alkaline-earth metals rust very rapidly and with considerable evolution 
of heat. All the metals down to copper rust with comparative ease. 
The metals below copper do not rust. Assuming the electrolytic theory 
of the process of rusting to be true, these facts are just about what might 
have been predicted. 

4. In Regard to the Occurence of the Metals in the Free State in Nature. — 
—Natural waters are frequently dilute solutions of carbonic,‘ nitric, humic, 
etc., acids. As such they contain displaceable hydrogen. Metals above 
hydrogen in the E.M.F. series scarcely, if ever, occur in the free state 
in nature, but are practically without exception found in the combined 
state, as sulphides, carbonates, etc. Metals below hydrogen are frequently 
found in the free state in nature. Thus gold is found in the form of nuggets 
of metallic gold. However, metals below hydrogen are also found in-the 
combined state, as cinnabar, Hg§, etc. 

5. In Regard to Action of the Metals on Water.—The alkali and 
alkaline-earths metal displace hydrogen from water, even in the cold, — 
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and with evolution of much-heat. Mg and succeeding metals will dis- 
place hydrogen from steam, Metals at the bottom of the list will not 
ee hydrogen from steam. 

In Regard to the Solubility and Siapility of Hydroxides.—The alkali 
Ene oxides have great avidity for water, forming hydroxides. The 
alkaline-earth metal oxides react with less readiness, forming hydroxides. 
MgO reacts slowly and incompletely with water, forming the hydroxide. 
All the other metallic oxides and hydroxides are insoluble in- water and 
have no perceptible reaction therewith. When a solution of NaOH acts on 
solutions of salts of the metals, the alkali metal salts are not precipitated. 
The alkaline-earth metal salts are not precipitated unless in very con- 
centrated solution. All the other metal solutions are acted upon, with 
precipitation of hydroxides, except in the case of copper which first gives 
copper hydroxide (blue), and which, on warming, changes to copper oxide 
(black). Also in the ease of arsenic, no precipitate falls, sodium arsenite 
being formed. In the case of the last metals in the series, the oxide is 
Mee ae instead of the hydroxide, thus NaOH acting on salts of Sb, 

g, Pd, Pt, and Au, causes a precipitation of the oxides of these metals. 
Be ceuths as an exception, gives a normal hydroxide. 

Then Got Regard to Carbonates.—The alkali metals form normal stable, 
soluble earbonates, not easily decomposed on heating, The alkaline-earth 
metals form normal carbonates, which are insoluble in water, and which 
decompose upon heating, leaving the oxide, carbon dioxide being evolved. 
When sodium carbonate solution acts on solutions of all the other metals, 
as a rule, a basic carbonate is precipitated, being insoluble in water, and 
decomposed by heat into oxide and carbon dioxide. If the solution is cold, 
Ag, Hg, Cd, Fe, and Mn give normal carbonates. It the solution is warm, 
Sb, Hg, Ag, Pd, Pt, and Au give a precipitate of the oxide, instead of the 
carbonate, thus showing the instability of the carbonates of the lowest 
metals in the series. 

8. In Regard to Voltaic Cells.—In choosing metals to acts as electrodes 
‘in voltaic cells, the farther apart the metals chosen, the greater the electro- 
motive force of the voltaic cell. Thus the Al-Au couple gives a greater 
E.M.F. thanthe Zn-Cu couple. 

For complete information, see Alex. Smith’s Gen. Inorganic Chem., 
eae setae 664-680. J. W. Mellor’s Modern Inorg. Chem., pages 


TABLES SHOWING THE FUNCTIONS, USES AND 
COMPOSITIONS OF FOODS 


FUNCTIONS AND Uses or Foop IN THE Bopy. 
Protein.—Builds and repairs tissue: 


Albumen (white of eggs) 
Casein (curd of milk) 
Lean meat 

Gluten of grains 


Fats.—Are stored as fat: 


Fat of meats, butter, olive oil, oils of corn, wheat and other 
grains, 


Carbohydrates.—Are transformed into fat: 
Sugar, starch, etc. 


All serve as fuel to yield energy 
in the forms of heat and mus- 
cular power. 


_ Mineral Matter of Ash.—Share in forming bones and assist in 
processes of digestion. 
Phosphates of lime potash, soda, etc. 
Food is that which, taken into the body, builds tissue and 
yields energy. : 
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TABLES SHOWING THE FUNCTIONS, USES AND 


COMPOSITIONS OF FOOD (Continued) 
DIETARY STANDARDS 


For a man in full vigor at moderate muscular work, per day 


Protein Energy 
ane is tae RE Tt calories 
HOOd Catena ees 100 3.500 
Food digested 2.5. a ens 95 3.200 

MinerRAL Martrer (REQUIRED PER Day) 
grams 
Phosphorie acids (P2O—).0. 54.09 3 Coe eee, ow 
MUPDIUITTC ACH se (SO. at ok con) het ne eres 2 to 3.5 
Potassium oxide, {KeO) x ace, Swe 2to3 
Sadium:-oxide,: (NagO) oshek i, Shaw ae Ae 4 to 6 
CALCU GRICe M(G A) Ve: at nt ead ee coe ee OV tot, 2 
-Magnesnim oxide; (MgO)... .c2-duia okie ede 0.3 to 0.5 
Grow, (POG 28 er ab ie Sl PR eet yee 0.006 to 0.012 
CrIOTING P(t) oe te Bes CORN Pane eee 6 to 8 


These tables are compiled from charts of the United States 
Department of Agriculture, prepared by C. F. Langworthy, 


expert in charge of nutrition investigations. 


Fuel 
value 


ories 
per lb. 


290 


3030 
3510 
3410 
1600 
1130 
160 
740 
195 


1600 


460 


325° 


410 
1800 
500 
1205 
1950 
510 


Name of the food Protein.| Fat. foe Ash. | Water. Jin cal- 
material drates. 
ot bcs Co ean ae ae ae 0.4 Oe sonlar2 0.3 | 84.6 
PRCOME cn we cas Cea Oa ae 4.4} 18.8 
Beef suet........... 4h) Sl 8 howe 033. dell gee 
oer Aes. ke PEON SaeOs bar 3. Ol 8 
Buckwheat Oe oe. 10.0 ype gh ON bes 2.Onb1256 
Beeisteak =... CLS Oct ee alien oe 1:07 6120 
Butrertmaillk’ 2). ies 3.0 0.5 4.8 0.7 | 91.0 
Bean, fresh shelled..| 9.4 | 0.6 | 29.1 | 2.0 | 58.9 
Bean,’ green: string sh °.2.31.140°8+)." fed 0884) 8952 
Bean, navy dry 316225 1.8 | 59.6 BOF ABS 
Banting. oe ees 1 ee 0,6) 22-0) 0.3.) yaa 
Codfish, fresh . -... Ah We Rei! 3p Pa 1.2)" 82.6 
Codfish- salt-260 = 245 0:3 4.55 >. S124 Gabe 
Corn, dried........ 10.0 AS AIS 4 1.5 |-10.8 
Corn, green........ 3.1 12H LOS Ont ati 
Cornbread 4.%..25000 7.9 Ane AAG co 2.2 138 20 
Cream cheese amet eee 25iO se] Bowe 2A 3.8°).*34e2 
Cottage cheese..... 20.9 IeDinb fang 1.8 | 72.0 
ACeBara tots ae ZT 5) (SERS 4 at "O Delf4e0 


a 
fe Se) 
co 
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TABLES SHOWING THE FUNCTIONS, USES AND 
COMPOSITIONS OF FOODS— Continued 


: ef 

Z = 20g 

NAME OF THE FOOD MATERIAL a 6m ro pa 
S 5 Ee by Bl ee 

Sg Ry tae er Oe On el a aia 

em BtIOK ns cee BO ror OM or Liao 
Ree ee oe ee | TL 3.4 | 1.0 | 94.5 85 
reste... ee ee LO 7! OTR 2 2 er 1875 
Cocoanut, dried. ...:... 6:d7or.& | 3b.8° 173-325-3125 
iBTS 7 ios [oe a 30.0] 6.6 9.1 | 54.3 | 840 
NOI. oes eo 14.8; 10.5 1OcRisei a tee 
Egg, white 1320 (0°52 0.6 | 86:2 | 265 
Tee your... :. 16.1 | 33.3 1.1 | 49.5 | 1608 
ie mrelote sr ASS ead C42 [eae (elo tO Iai. 
Fruit, canned.. eee ine) tt pen | oad ORD: teicsane 4 be 
Grapes ol eee ae eee 13) > Fe6") 19:2-6° 0.5 (77:4 | 450 
Grape juice, unfermented | 0.2 LAP OZ | 9252 150 
Herring, smoked.......... 36.4 | 15.8 13.2 | 34.6 | 13855 
Honey.. ES erg Cae | 81.2] 0.2 | 18.2 |. 1520 
Jelly, fruit.. Oho (ieee OE Va 2 2 oe i 
ares CO i 100.0 4080 
Lai DERG Sok tee ne ee 17.6 | 28.3 1.0 | 58.1 | 1540 
(OS) <2) jE ce ae 7s OR Be 1.2 | 73.4] 645 
io US Saas a a rr oh bon) 158 F188 4p ah5 
Nee WHOlG oss 6 oo. o So ae Or P07 FSO 1310 
Rie eimnined. 2.45.7... 2a: Sra Ors ook + - OF 4 9078 E2165 
WEGTAESCS alls. ee 2.4. 69.3] 3.2 | 25.1 } 1290 
Cee yo. 118) 5.0} 69.2 5-3-0: ) 1020) 1720 
Olive oil...... ileal 100.0 4080 
Oyster 620 Tea). 30 2 Oe S65 9 f 28h 
ares of eo eee eS. BG 7h OS 9. 9°? “OSG St. GE Zo 
PES ONOU she am sce Se st 16.9 | 30.1 1.0 | 52.0 | 1580 
Parsnip.. Heb ht Dios) 16.5: Pe 14 83840) bAgs0 
Potato... Siero Pe Or 1S ATO 188. ome Sooo 
PASM: .ci ke ok Rear: Se ab leo ee oe | en 2 2ou0 
Peanut butter............ OO. 3 402541 bier hk so. Dida 2eb B2SZo 
Fee. cease. PS. 19-2 prt hot 169 1 O40. OD EOD 
Rice.. S Obst o Ose cl. 0 12-0 T7220 
Rolled oats, eookeds . . 2S Opie le. 5.) “O7 |. S45 oo hg. 
ee eee ea ena 168 B28 O.L 17-3. 4-1 14. 621605 
Smoked ham..............| 16.1 | 38.8 4.8 | 40.3 | 1940 
Sugar granulated......... 100.0 1860 
BGA R MMPI fp des LSS. 82.8 | 0.9 | 16.3 | 1540 
ee Gerry as oo eens os 1.0} 0.6| 7.4] 0.6 | 90.4; 180 
Toasted bread............| 11.5) 1.6! 61.2; 1.7 | 24.0; 1420 
Wise eee ee eh 7 | 738-7 [11-8 F 10.6. | 1750 
W inte bread... ORI had oA ieee 00.20 tnt alo 
Whole wheat bread...... 9.7| 0.9) 49.7] 1.3] 388.4 | 1140 
"WW en IE A ara se 16.6} 63.4 | 16.15; 1.4) 2.5 | 8285 


aye ase aes oars ts Se 


PROPERTIES OF MATTER 


DENSITY OF VARIOUS SOLIDS 


The approximate density of various solids at ordinary atmospheric 
temperature. 


(Selected from Smithsonian Tables.) 


Grams | Pounds 
Substance. per per Substance. 
cu.em eu.ft. 
SN EO Seer oe BONES MoH ead 291 O=h6S)| INCA tec so cet ee 
BAUM DEI 2 a he geen 1.06-1.11| 66-69 ||Paraffin 
Asbestos....... 2.0-2.$8 |125-175)||Pitth, ........- 
AG WhaAlb oie + cen: 1.1-1.5 69-94 ||Porcelain 
IBGESWaxke ooee te 0.96-0.97} 60-61 |/Quartz......... 
IBrasest cn. eine 8.20-8.78)/511—-548|}|Resin.......... 
BRithisty.cni we vt: 1.4-2.2 87-137]|| Rock salt 
IRE oval AS ere ee 8. 74-8 . 89|545—-555||Soapstone 
HUG CET E ee cia ere 0.86-0.87| 538-54 ||Starch......... 
Oalespart.s. vs 2,652.8 |1622175||Suttar.c.. «05 2.0 
Cement, powder/1.15-1.7 | 72-105||Tallow......... 
Stress tauren 2.7-3.0 |168-187!|Wood, ash..... 
Chaliion Gamers. 1.9-2.8 |118-175|| bamboo...... 
Glen Chain Suan 1.8-2.6 |122-162 beech xe oe 
CoslesGitee 2 a 1.2-1.6 75-94 Dib Glascse ce ne 
anthracite. |1.4-1.8 87-112 ORG ies are 
(Giayd che ieee omer 0.22-0.26| 14-16 butternut . 
Ebonite,......45 aELS 72 Chaar. ae waren 
FE RY avs een. ica 4. 250 (NOAA P ee do ou: 
Heldspart Axe 4 16: 2.58—2.58)158-161 ODOR Vion. 6 2 sae 
d Ribgate bss & aeaan pee 2.6 164 ibis havi | 
Galena .|7.3-7.6 |460—-470 Tine OGVire eres: 
(Garnete. «ai. 4c : 3.6-38.8 {230-335 lignumvitie... 
Gas carbon..... 1.88 119 mahogany.... 
German silver... |8.30—8.45|518-527 ime plet> ames. 
Glass, common; ./2.4-2.8 |150-175 (OVERS oe Neen ese 
ie bbe s ena eee ae 2.9-5.9 {180-370 pine, white 
Teenie -tewia..20° 0.88-0.91| 55-57 Not Chit, cae cee 
TVOrvews Nereus 1.83-1.92)114—120 POD hae 
Mar blétra ns ts 55 2.5-2.8 |157-177 


For specific gravity of the elements and of 


pounds, see pages 14 to 41. 


DENSITY OF WATER 


.6-3.2 


eee oe woe 


SOMOS S SPOOF DOSS SOOOCOCORHENNENNHON 
Ke) 
uF 
pot 
— 
op) 


Pounds 
per 
cu.ft. 
165-200 
.87-0.91| 54-57 
07 67 

.38-2.5 1143-156 
265 165 


07 67 

. 28-2 .41/142-150 
-6=2.8> 102-175 
.53 95 

OL 100 
.91-0.97|57.0-60.5 
40-53 


Grams 
per 
cu.cm. 


inorganic com- 


The temperature of maximum density for pure water, free 


from air = 3°.98 C.: 


The density at this temperature = 0.999973 (C. G.S.). 
(International Bureau of Weights and Measures, 1910.) 
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DENSITY OF VARIOUS LIQUIDS 


(Selected from Smithsonian Tables.) 


Liquid. 


PLR © eadiccans, consi atte ds ws 
FALCOHON CUOVL. 2. eerie ss oa 
Bie iy beets ar pace rs 


PNAS WOOU Sirs a eons oes 
Naphtha, petroleum ether. :.. 


Oils: 


pies ee. a sy Pes 
linseed, MONEH Oe cons: 


PENN Cy oe ss ke oe ae 
eemEIteT ak eck os fee 


Ss. ear .ewk.6 8 venle) «6 6 le » 


oe Fe 


HYDROMETER CONVERSION TABLES 
SHOWING THE RELATION BETWEEN Density (C. G. 8.) AND 
DeGrREES BauMé FOR DENSITIES LESS THAN UNITY. 


Degrees Baumé. 


Grams per Pounds Temp. 
cu.cm, per cu.ft. “at OF 
0.792 49.4 0° 
0.791 49.4 0 
0.810 50.5 0 
0.899 56.1 0 
0.950-0.965|59.2-60.2} 15 
1.480 92.3| 18 
0. 7969 45) 0 1aRO 
0.66-0.69 |41.0-43.0) .. 
1.260 78.6 0 
1. 028-1 .035|64.2-64.6) .. 
().848-0.810/52.9-50.5) O 
0.665 41.5) 15 
0.969 60,5) 15 
0.925 SAGE OLS 
0.926 60:2)" =:16 
1.040-1.100|64.9-68.6) 15 
0.942 58.8} 15 
0.918 OL ole ero 
0.873 54.2) 16 
1.025 64.0) 15 


Density. 
.00 .O1 Q2 .03 04 
0.60 103.33 99.51 95.81 92.22 88.75 
.70 70.00 67.18 64.44 61.78 59.19 
.80 45.00 42.84 40.73 38.68 36.67 
.90 25.56 23230 Q2b7 20.54 18 -94 
1.00 eae a nee Sees le? Sopa bo hn Sat sade. Pc. Gee 

Degrees Baumé 

Density 
05 .06 .07 .08 .09 
0.60 85.38 82.12 78.95 75.88 72.90 
.70 56.67 54.21 51.82 49.49 47.22 
.80 34.71 32.79 30.92 29.09 24.30 
.90 12: 37, 15.838 14.33 12.86 11.41 
Rn ee ree rs a | Gaigacas. ok: eens sk oe (4 aguas oe 
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HYDROMETER CONVERSION TABLES 
(Continued) 


SHOWING THE RELATION BETWEEN Density (C. G. 8.) AND THE 
BAUME AND TWADDELL SCALES FOR DENSITIES ABOVE UNITY. 


: 8 5 e 
Density. | Beame | Twaddel. | Density. | Betme | Twaddell 
1.00 0.00 0 1.41 42.16 82 
1.01 1.44 2 1.42 42.89 84 
1.02 2.84 4 1.43 43 .60 86 
1.03 4.22 6 1.44 44.31 88 
1.04 5.58 8 1.45 45.00 90 
1.05 6.91 10 1.46 45.68 92 
1.06 8.21 12 1.47 46.36 94 
L07 9.49 - 14 1.48 47.03 96 
1.08 10.74 16 oleae 47.68 98 
1.09 ot .07 18 ¥.50 48.335 100 
1.10 13.18 20 1.51 48.97 102 
Belt 14.37 22 1.52 49.60 104 
1.12 15.54 24 1.53 50.23 106 
1.13 16.68 26 1.54 50.84 108 
1.14 17.81 28 1.55 51.45 110 
1.15 18.91 30 1.56 52.05 112 
1.16 20.00 32 1.57 52.64 114 
1.17 21.07 34 1.58 53.23 116 
1S 22.12 36 Loo 53.80 118 
iss Be) 23.15 38 1.60 54.38 120 
1.20 24.17 40 1.61 54.94 122 
121 20.16 42 1.62 55.49 124 
122 26.15 44 1.63 56.04 126 
1.23 ade 46 1.64 56.58 128 
1.24 28 .06 48 1.65 57.12 130 
1,.25..+4 729,00 50 1.66 57.65 132 
1.26 29.92 52 1.67 58.17 134 
i vod. 30.83 54 1.68 58 .69 136 
1.28 3102 56 1.69 59.20 138 
1.29 32.60 58 1.70 59.71 140 
1.30 33.46 60 Ler 60. 20 142 
1.31 34.31 62 1 aay 60.70 144 
1.32 35.15 64 1.73 61.18 146 
1.33 35.98 66 1.74 61.67 148 
1.34 36.79 68 1.75 62.14 150 
1.35 37.59 70 1.76 62.61 152 
1.36 38.38 12 Lei 63.08 154 
1.37 39.16 74 1.78 63.54 156 
1.38 39.93 76 12:79 63.99 158 
Lag 40.68 78 1.80 64.44 160 
1.40 41.43 80 SATE, Beek senate ea 
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ABSOLUTE DENSITY OF WATER 


DENSITY IN GRAMS PER CUBIC CENTIMETER, COMPUTED FROM 
THE RELATIVE VALUES BY THIESEN, SCHEEL AND DISSEL- 
HORST (1900), AND THE ABSOLUTE VALUE AT 3°.98 C. By 
THE INTERNATIONAL BUREAU OF WEIGHTS AND MEASURES 


(1910). 
Degrees} 0) Lo Pas ae Bea Fie 8. ape 9: 
SS SS SS Se le SS 
0 |0.999841| 847] 854] 860] 866] 872) 878] 884} 889] 895 
1 900} 905} 909} 914] 918] 923) 927] 930] 934] 938 
2 941] 944] 947| 950) 953] 955! 958] 960] 962| 964 
3 - 965| 967| 968] 969] 970] 971) 972] 972] 973] 973 
4 973| 973] 973] 972] 972| 972] 970] 969| 968] 966 
5 965| 963] 961] 959) 957} 955] 952] 950] 947] 944 
6 941] 938] 935] 931] 927| 924} 920] 916] 911| 907 
7 902] 898] 893] 888] 883] 877] 872| 866] 861] 855 
8 849] 843] 837] 830] 824] 817] 810] 803] 796] 789 
9 781| 774| 766| 758! 751| 742| 734] 726| 717| 709 
10 700} 691] 682] 673] 664} 654) 645] 635] 625] 615 
11 605] 595! 585] 574] 564] 553] 542] 531] 520] 509 
12 498| 486] 475| 463] 451] 439] 427| 415] 402] 390 
13 377| 364] 352} 339] 326] 312] 299] 285] 272] 258 
14 244| 230) 216] 202] 188] 173] 159] 144] 129] 114 
15 099] 084! 069] 054] 038! 023] 007|*991|*975|*959 
16 |0.998943| 926] 910] 893] 877] 860) 843] 826] 809] 792 
ty 774| 757| 739| 722| 704] 686] 668] 650| 632] 613° 
18 595| 576] 558) 539] 520] 501| 482] 463} 444] 424 
19 405| 385] 365! 345} 325} 305} 285| 265] 244] 224 
20 203) 183] 162] 141] 120] 099] 078] 056] 035] 013 
21 |0.997992| 970] 945) 926] 904] 882} 860] 837] 815) 792 
29 770| 747| 724] 701] 678] 655| 632] 608] 585] 561 
os 538| 514! 490] 466] 442] 418] 394] 369] 345] 320 
24 296| 271| 246] 221] 196] 171] 146] 120] 095| 069 
25 044] 018]*992|*967/|*941/*914| *888 | *862|*836 | *809 
26 |0.996783| 756] 729] 703] 676] 649] 621| 594] 567] 540 
oT 512| 4851 457| 429] 401) 373] 345] 317] 289] 261 
28 932) 204| 175] 147] 118] 089] 060] 031] 002|*973 
29 |0.995944| 914] 885] 855} 826] 796] 766| 736] 706| 676 
30 646| 616] 586] 555] 525] 494] 464] 433] 402] 371 


HANDBOOK QF CHEMISTRY AND PHYSICS 
RELATIVE DENSITY AND VOLUME OF WATER 


The mass of one cubic centimeter of water at 4° C is taken as unity 
The absolute density in C. G. S. units is obtained by multiplying ine rel- 
ative density by 0.999973. 
(Smithsonian Tables, compiled from Various Authors.) 


Bey Density. Volume. te c. "| Density. Volume 
0 0.99815 1.00186 +35 | 0.99406 1.00598 
ae 843 157 36 371 633 
t SBeen 2 869 131 ov 336 669 
—7 892 108 38 299 706 
—6 912 088 39 262 743 
0) 0.99930 1.00070 40 | 0.99224 1.00782 
—4 945 055 4] 186). 821 
—o 958 042 42 147 861 
2 970 031 43 107 901 
—1 979 021 44 066 943 
+0 0.99987 1.00013 45 | 0.99025 1.00985 
1 993 007 46 | 0.98982 1.01028 
2 997 003 47 940 072 
3 999 001 48 896 116 
4 1.00000 1.00000 49 852 162 
5 0.99999 1.00001 50 | 0.98807 1.01207 
6 997 003 51 762 254 
7 993 007 52 715 301 
8 988 012 Da! oie. “O00 349 
9 amen =) | 019 54 621 398 
10 | 0.99973 | 1.00027 55 | 0.98573 1.01448 
11 963 037 60 324 705 
12 952 048 65 059 979 
13 940 060 70 | 0.97781 1.02270 
14 927 073 75 489 576 
15 0.99913 1.00087 80 | 0.97183 1.02899 
16 897 103 85 | 0.96865 1.03237 
17 880 120 90 534 590 
18 862 138 95 192 959 
19 843 157 100 | 0.95838 1.04343 
20 | 0.99823 1.00177 110 | 0.9510 1.0515 
21 802 198 120 | 0.9434 1.0601 
22 780 221 130 | 0.9352 1.0693 
23 756 244 140 | 0.9264 1.0794 
24 732 268 150 | 0.9173 1.0902 
25 0.99707 1.00294 160 | 0.9075 1.1019 
26 681 320 170 | 0.8973 1.1145 
27 654 347 180 | 0.8866 1.1279 
28 626 375 190 | 0.8750 1.1429 
29 597 405 200 | 0.8628 1.1590 
30 0.99567 1.00435 210 | 0.850 ita Bors 
31 537 466 220 | 0.837 1.195 
32 505 | 497 230 | 0.823 fe2ks 
33 473° | . 530 240 | 0.809 1.236 
34 440 563 250 | 0.794 1.259 


Temp. 
2, 


= 10 
Se) 


13. 
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DENSITY AND VOLUME OF MERCURY 


BASED ON THE DENSITY OF eau AT 0° C. By THIESEN AND SCHEEL 
1898) 


(Selected from Smithsonian Tables.) 


Mass in gr. 
per cu.cm. 


13.6202 
6177 
6152 

~ 6128 
6103 


6078 
6053 
6029 
6004 
5979 


5955 
5930 
5906 
5881 
5856 


5832 
5807 
5782 
5758 
5733 


5708 
5684 
5659 
5634 
5610 


5585 
5961 
5536 
5512 
5487 


.5462 
0438 
5413 
5389 
5364 
5340 
5315 
5291 
5266 
5242 


13.5217 


13. 


13. 


13. 


13. 


13 


13. 


Vol. of 1 gr. 
in cu.cms. 


-|0.0734205 | 


4338 
4472 
4606 
4739 


0.0734873 
5006 
5140 
5273 
5407 
0.0735540 
5674 
5808 
5941 
6075 


0.0736209 
6342 
6476 
6610 
6744 


0.0736877 
7011 
7146 
7278 
7412 


0.0737546 
7680 
7813 
7947 
8081 


0.0738215 
8348 
8482 
8616 
8750 


0.0738883 
9017 
9151 
9285 
9419 


0 .0739552 
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Mass in gr. | Vol. in J gr. 
per cu.cm. in cu.cms. 
ls aval Wh 0.0739552 
5193 9686 
5168 9820 
5144 9953 
5119 40087 
13.5095 0.0740221 
5070 0354 
5046 0488 
5021 0622 
4997 0756 
13.4973 0.0740891 
4729 2229 
4486 3569 
4244 4910 
4003 6252 
18.3762 0.0747594 
3522 8939 
3283 50285 
3044 1633 
2805 2982 
13°, 2567 0.0754834 
2330 5688 
2093 7044 
1856 8402 
1620 9764 
13.1384 0.0761128 
‘1148 2495 
0913 3865 
0678 5239 
0443 6616 
13.0209 0.0767996 
12.9975 9381 
9741 70769 
9507 2161 
9273 3558 
12.9039 0.0774958 
8806 6364 - 
8572 7774 
8339 9189 
8105 80609 
12.7872 0.0782033 
7638 3464 . 
7405 4900 
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DENSITY OF AQUEOUS SOLUTIONS 


(Selected from Smithsonian Tables.) 


Density in grams per cubic centimeter. 


2) 

(eo) 

Substance. Parts of solute in 100 parts of solution by weight. Si 

| 

5 | 10.415} .20-) 25°1 30° |-40:) 50 | 604 es 

Ammonium chloride. . |1.015]1.030)1.044/1.058/1.072| ... | ... | ... |... ne 

Barium chloride...... LeO45 O94 EA Ee 20 at 260] ee eee eae 

Cadmium chloride... .|1.043/1.087]1.138)1.193/1.254/1.319/1. 46911. 653/1.887 He 5 
Calcium chloride..... 1. 041}1.086]1.132)1.181}1.232}1.286)1.402} ... | . 15. 
Cane"stgar.-0) tee.) 1.019}1.039}1.060|1.082)1.129]1.178)1.289 17.5 

Copper sulphate..... ./1.031/1.064/1.098]1. 134]1.173/1.213] ... | 18 

Mercurie chlorides cera ts O4N L092 ei ce lees een nes 20 
Potassium) bichronrate:| (03514 O71 Is 108| en ee cae alee een eee fers 

My.GrOxXide’. hess 1.040}1.082}1.027)1.076]1.229]1.286/1.410/1.538)1. 666/15. 
chiondes 0. betas 15031) 1065 S099 eS Bi, alee can a pee ges | eee Leh 
DLOMIGE: oe chee ae 1,035}1..073/1.194)1- 15711. 205) 1.25411 3641-2 19.5 
TOCIMES os css Mire: 1.036/1.076]1.118/1.164/1.216/1.269]1.394/1.544/1.732119.5 
MAEPAe <tc a eee V.038 1) L064) 12099 Wat 355 |e eee aaa nei a ee me 
Sodium hydroxide... ./1.058)1.114]1. 169) 1.224/1.279|1.33111.436/1.539/1. 642115. 

Chionide ones tae. 15 035) 1.07210. 110) FeSO tse OD case Sar wee) Sener ities 

Silver nitrate........ 1.044/1.090/1. 140) 1..195)1.255)1.322)1.479)1.675}1.918)15. 
Zineschloride..)) 2. ce. 1.043) 1.089)1.135|1.184)1.236}1.289|1.417|1.563]1.737|19.5 
sulphate.......... .11.027/1.057|1.089|1.122/1.156]1.191/1.269]1.351/1. 443/205 


DENSITY OF ALCOHOL 


Dense oF ETHYL ALCOHOL IN GRAMS PER CUBIC CENTIMETER, 
CoMPUTED FROM MENDELEJEFF’S FORMULA 


(Selected from.Smithsonian Tables.) 


Temp?’ C: 0 | 1 Z 3 4 
0 .80625 .80541 .80457 .80374 . 80290 
10 . 19788 19704 . 79620 £79535 | #9451 
20 . 78945 . 78860 REotew . 78691 . 78606 
30 . 78097 . 78012 17927 77841 17756 
Temp. °C. 9) 6 7 8 9 
0 . 80207 .80123 . 80039 . 79956 . 19872 
10 . 79367 . 19283 . 79198 .79114 . 79029 - 
20 “(Son . 78437. . 78352 . 78267 . 78182 
30 . 77671 . 77585 . 77500 .77414 . 77329 
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DENSITY OF DRY AIR 


_ AT THE TEMPERATURE ¢, AND UNDER THE PRESSURE H om. oF Mercury, 
THE DENSITY OF AIR 


i 30009203 "Ht 
~ 1 +0.00367 ¢ 76 
(From Miller’s Laboratory Physics, Ginn & Co, publishers, by permission.) 


a Pressure FF in Centimeters. 


oe See Sete Proportional 
Parts. 
72.0 73.0 74.0 75.0 76.0 77.0 
: 17 
10/0.001182/0.001198 |0. 0012150. 00123110.001247/0.001264| em. 

11 178 193 210 227 243 259| 0.1 2 
Jo): -- 173 190 206 . 299 939 255| 0.2 3 
13 169 186 202} - 218 234 251| 0.3 5 
14 165 181 198 214 230 246| 0.4 7 
0:5 8 
0:61 10 
0.7 | 12 
15|0.001161|0.001177 |0.001193/0. 001210/0.001226/0.001242| 0.8 | 14 
16 157 173 189 205 221 238 0.9 | 15 

17 153 169 185 201 217 933 a 

18 149 165 4181 197 213 929| _- 

19 145 161 177 193 209 225 Oot ie 
0.2 3 
0.3 5 
20/0.001141/0.001157 ]0.001173/0. 001189|0.001205/0.001221 ae g 
21 137 152 169 185 201 BTel~o: inl=ia 
22 134 146 165 181 197 rake oe 
23 130 145 161]. 177 193 CUS ga oa Bee 
24 126 (ate = S157 173 189 1 hee oes 

15 

- ‘ cm 

25/0.001122/0.001138 |0.001153/0.001169/0.001185/0.001200| 0.1 1 
26 118 134 149 165 181 196| 0.2 3 
27 115 130 146 161 177 192] 0.3 4 
28 111 126 142 157 173 188] 0.4 6 
29 107 123 138 153 169 184| 0.5 7 
0.6 9 
0.7 | 10 
0.8 | 12 
30/0. 001104/0.001119!0.00113410.001150/0.001165|0.001180] 0.9 | 13 


DENSITY OF SATURATED VAPORS AT THE TEMPERA- 
TURE OF NORMAL EBULLITION 


Vapor. Temp. © €; Density. 
Heeler acid. cee os0.c kt ek 118.5 0.00315 
Rieger We hs 80.2 0.00275 
Crororonn &.2: . = fe. 61 2 0.00443 
U8 CTS eas eel Gee see ees 34.6 0.00311 $ 
ony raleohol isc. S255. {8.8 - 0.00164 
Methyl alcohol. 200-3... 64.7 0.00121 
MAC, fae ree, ‘100.0 0.000596 
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DENSITY OF GASES IN LIQUID AND SOLID FORM 


Temperatures marked * are the temperatures of normal ebullition. 


Gas. 


ee eee oe ae 


ene Rac ae te ee 


Carbon dioxide.. . 
Carbon monoxide... 
Chilorines, 4 terse 


Chlorine 
Ethylene 


aime /s, fe eile) sls.» 


ithiylenee, sess ss 
TalG§ babe cigs ee wear sean 


Hydrogen 
Hydrogen sulphide . 
INTtrOrens kare wens: 
Nitrous oxide 
Nitrous oxide 
Oxygen 


er 


Sulphur dioxide. . 


Liquid. Solid. 
Observer. 
Temp iD) Temp D 
PGE g/em?.|. °:Cr g/cm? 
=) (230 al Oca ee ee Mathias, 1909 - 
S0c8 BOs 40 ances 
.| —147. Q;02 tka 
tl O72 ONCE Mens ee Andreeff, 1859 
= 91623580. Gil wicks Andreeff, 1859 
= 7 cohen al Al pole ree Baly & Donnan, 
1902 
— 60. 1.19 — 79.| 1.53 °|Behn, 1910 
Smale Ques Ais. pereeeee 3 ace Aa at 
—190.* Be CO pes eer oa 
— 68. COG etre Baly & Donnan 
SSO} ed wo Gael mcs Knietsch, 1890 
+ 20. 1 Nag 3 | ge ee Knietsch, 1890 
— 21. O44 | aecie Cailletet & Mathias, 
e 1886 
PO On21 
= 60). * a One| seen Kamerling-Onnes- & 
s Perrier, 1910 
—253.* | 0.07 | —260 .076|Dewar, 1904 
— 61. 0.86 
—196.* | 0.804) —253 1.03|/Dewar, 1904 
— 20. SO saa. aero Cailletet & Mathias 
+ 17, ScD Fale 5 eee ae Villard, 1897 
— 23. OFSG TERS We Cailletet & Haute- 
feuille, 1881 
—182.7*| 1.14 | —253.|—1.41|Kamerling-Onnes & 
Perrier, 1910 
—205. LZ Oe loaves ate Baly & Donnan 
— 10.* LEA 6%) See Pierre 
+ 20. SSS Sl eer ee Cailletet & Mathias 


ELASTIC CONSTANTS FOR SOLIDS 


Youne’s Moputus anp Mopuuus oF RIGIipItTy 


The values can be considered only as approximations. 


ordinary atmospheric temperatures. 


They are for 


Material. 


Cie soe OCICS) Cay ei 


Copper, sta) x oe 


flint 


Granite 


oy 0) pie me. Wah @) side Rete) «rs: 


al yes Wig iw 0: ve 


Young’s Modulus. 


Dynes per | Pounds per 
sq.cm. $q.in, 
7X10 10.2 X108 
3.2 4.65 
9.2 13.4 
10.6 15.4 
12.0 17.4 
5.0 7.26 
10. 14.5 
10.8 atseze 
4.7-7.8 6.83-11.3 
6.5-7.8 9.45-11.3 
5.0-6.0 7 26-8. 52 
8.0 11.6 
1.46 2.12 
28 407 
20.0 29.1 
11.5 16.8 


Modulus of rigidity. 


Dynes per | Pounds per 
sq.cm. sq.in. 
2.5104 3.63 X 108 
1.24 1.80 
ont 5.38 
4.06 5.91 
4.36 6.32 
2.45 3.56 
4.2 6.10 
4.5 6.54 

1.8-3.2 2.62-4. 65 
2.6-3.2 3. 78-4. 65 
2.0-2.5 2.91-3. 63 
3.0 4.36 
8.90 11.6 
5.40 7.41 
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ELASTIC CONSTANTS FOR SOLIDS (Continued) 


Youne's Moputus anp Mopuuus oF Riaipity, (Continued) 


Gas. 


Magnesium........ ' 
IMFAMIPANIN Goats a 
ININGURS ee eteeoieer ia Aare 
SPIGA eae. es 
Platinum-iridium. . 
Quartz, crystal: 
BOL ARIS os. 


Silver: DULen. ae asc. 
Steel, ordinary mild. 
1 eee ae 


MEW Atle ees tom ee: 


Young’s Modulus. 


Modulus of rigidity. 


Dynes per | Pounds per 
sq.cm. sq.in. 
9X10" Ihe 31X1 x 108 
ale 2.47 ~ 
4.2 6.10 
12.4 18.0 
22.0 32:0 
17.0 24.7 
21.4 31.1 
10.30 “15.0 
7.85 11.4 
5.6 8.14 
28.0 40.7 
vias) 10.9 
22.0 32.0 
19.5 28.3 
18.8 27.3 
14.1 20.3 
18.6 27.0 
5.0 7.26 
.03-1.0 .0436-1.45 
9.0 


13.1 


= 


Dynes per | Pounds per 
sq.cm. $q.in. 
0.7 X10" 1.02 X 108 
Had 2.47 
4.65 6.70 
8.0 11.6 
6.5 9.45 
3.0 4.36 
Dal 3.94 
8.00 11.6 
7.50 10.9 
5.63 8.18 
2.0 2.91 
3.4 4,94 


Buitx Mopuuvs, Limir or ELAstTIcITy AND BREAKING STRAIN 


The values can be consid2red only as approximations. 


nary atmospheric temperatures. 


They are for ordi- 


Limit or E.tas- 


BREAKING STRAIN. 


Material. ulus Dynes 
er 
Dynes | Pounds Dynes per Pounds per Sete 
DYE bee sq.em. sq.in. 
sq.cm. sq.in. 

Aluminum |5.0 X108 |7.25 X103| 10-25 X108 |14.5-36.3 X103| 7.0101! 
TEy scoala nies, SPS Ste ae eel peli sl We a ence | nr one) 
TRANS) chs Sa hapa ie ee Sa [Ee ae 22.-—48. 32.-70. Gul 
Bronze 5.0-12. |7.25-17.4|20.-40. 29 .--58. 8.9 
COB sGee nba g ie° S78 ae Bill imprecise iecl [erctine. 55) Otaac ieee Car Ne an nee 4.12 
Copper 5-20.0/0.73-29.0|16.—45. 23 .2-65.3 12.0 
German 

RP ee een i Wee ogee at Storm as sce oll Seaenhe wv edalel's tre 15.0 
Glass: 

CetUMin? SVP ROE SRE inet 5, SINMESTA TA ch Rc: © 020 aie ec enae ee ee 4.0-5.9 

THOR a alll Sage cata aR PR NS ep ea Se ee) ee Oe eo eee 3.6-3.8 
(CIO ais 5 os beni Ree ee 11.0 15a6 16.0 
Iron: 

drawn 20. 29. 66. 96. 15.4 

cast.. ilps ZO Bon 48. 9.6 
ECR Ceereees rites. (oes ait ah 3f 4 0.76 
IMigsapesiarany ae eB ee eg cece eee eee eeeear neonate re 10354 
INiigl kel hee peal eae a cleats | eer ae aoe 61 17.0 
la Gimunivey: bess cates oes ols fone 36. 52 24.0 
(QUUeTA Hs, Se Sill Soin Salaun leo Be eee aioe lgarcia cacaemr seal (nes eear ar rar mer trraer 3.7 « 
Silver. 28. -~|41. 10.0 
Steel, mild. ag: -—100. ie -145. |35.-150. 51.-218. 16.0 

11 ia I cat WE ere ak team (ec een 8. 1. 5.0 
NGM ade oats etoe km. Th aoe ce 6. 8.7 "BE5 
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COMPRESSIBILITY OF LIQUIDS 


CONTRACTION IN UNIT VOLUME PER ATMOSPHERE PRESSURE 


(From Smithsonian Tables.) 


Liquid. aes 
Acetone...... 0.00 
Acetone......| 99.5 
Beno 22 17.9 
Carbon _bisul- 

phides. 0.00 
Carbon _bisul- 

pide... 6.2% 49.2 
Chloroform. ..| 20. 
Chloroform. . .|100. 
Ethyl aleohol.| 20. 
Ethyl aleohol.| 20. 
Ethyl alcohol.} 28. 
Ethyl alcohol. |100. 
Ethyl alcohol. |185. 
Ethyl alcohol. |3810. 
Glycerine.....} 20.5 
Meredry 252 0. 
Nitric acid....| 20.3 
Waterss: sos; 0. 
Water. <% 0% £0: 
WAter.c kw, sce 20. 
Waters. =. Oz 
Water. Ooi xs 10. 
Waterss 2... 20. 
Water): ck 0. 
Waterco... 10. 
Waters eice. =: 20. 
Water. sos. BO: 
WVGHCT. « tneests 100. 
Water........ 0. 
Water ant te 0. 
Water. i ae: 0. 
Watereic. 2s: 0. 
Water. 0. 


Pressures in 


1-500 


150-200 
150-400 
150-400 


100-200 
100-200 
100-200 
100-200 
500-1000 
1000-1500 
1500-2000 
2000-2500 
2500-3000 


Coefficient. 


Observer. 


S2< 107 $ 
276. 
92. 


66. 


Amagat, 1893 
Amagat, 1883 
R6ntgen, 1891 


Amagat, 1893 


Amagat, 1893 
Grimaldi, 1887 
Amagat, 1883 
Amagat, 1893 
Amagat, 1893 
Barus, 1890-1-2 
Barus, 1890-1-2 
Barus, 1890-1-—2 
Barus, 1890—1-2 
Quincke, 1893 
Amagat, 1891 
Colladon-Sturm, 
1828 
Amagat, 1893 
Amagat, 1893 
Amagat, 1893 
Amagat, 1893 
Amagat, 1893 
Amagat, 1893 
Amagat, 1893 
Amagat, 1893 
Amagat, 1893 
Amagat, 1893 
Amagat, 1893 
Amagat, 1893 . 
Amagat, 1893 
Amagat, 1893 
Amagat, 1893 
Amagat, 1893 
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ELASTIC CONSTANTS FOR GASES © 


For short ranges of pressure, at a constant temperature, the volume of 
a gas is inversely proportional to the pressure or pressure Xvolume =a 
constant. (Boyle’s Law.) 

For high pressures, the table below shows the relative volumes at various 
temperatures. The volume at 0° C. and 76 cm. pressure (1 atmosphere) 
being taken as 1,000,000. 


(From Smithsonian Tables.) 


Oxygen. Air. 
Atm. ee 
0° 99°.5 199°.5 0° 99°.4 200°.4 
100 EN te dang ler we ine 9730 mn 
200 © 4570 7000 9095 5050 7360 9430 


300 3208 4843 6283 3658 | 5170 | 6622 
400 2629 3830 4900 3036 | 4170 | 5240 
500 2312 3244 4100 2680 -| 3565 | 4422 
600 2115 2867 BHYAU 2450 | 3180 | 3883 
700 1979 2610 3202 2288 | 2904 | 3502 
800 1879 2417 2929 2168 | 2699 | 3219 
900 1800 2268 2718 2070 | 2544 | 3000 


1000 |. 1735 ial 9, Iie betes ted 1992 2415 2828 
Nitrogen. Hydrogen. 
Atm. Be 
Oc 99°.5 199°.6 0° 99°.3 200°.5 
100 9910 
200 5195 7445 9532 5690 7567 9420 
300 3786 5301 6715 4030 5286 6520 


400 | 3142 4265 5331 3207 | 4147 | 5075 
500 2780 3655 4515 2713 | 3462 | 4210 
600 2543 3258 3973 2387 | 3006 | 3627 
700 2374 2980 3089 2149 | 2680 | 3212 
800 2240 2775 3300 | 1972 | 2444 | 2900 
900 2149 2616 3085 18382 | 2244 | 2657 
1000 oi | ocbag pie men Apert Bae Gavee a 1720 | 2093 
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COEFFICIENT OF FRICTION 


(From Rankine’s Compilation, 1858; Smithsonian 


Materials. 


friction. 

'W ood on Woods dry 22... isms see -20-.50 
Wooden wood, SO&DY sc. cen os. oe 20 
Metaisjon oak, Ory... . sent e ee ee .50—.60 
IMeétals‘on oak wettest ee . 24—, 26 
Metals on oak, soapy............... .20 
Metalsvonvelm, dry.c fon aot aen ol neo 
Hemp o00als, airy... «sae nee 553 
FlempvOn Oa: Wets2 a fete eae .08 
Teather On Oaks: oh olen s 5 ei eek .27—.38 
Leather on metals; dry... .. 2.42 peiageg ra 
Leather on metals, wet.......... = ee tO 
Leather on metals, greasy........... 20 
Leather on metals, oily...5........... 15 
Wetals on metals, dry. cat fae kw ne woe Lo —20 
Metals on metals, wet.............. 3 
Smooth surfaces occasionally greased.. | .07—.08 
Smooth surfaces continually greased. .| .05 
Smooth surfaces, best results......... .03—.036 
Steel on agate, dry 5 Pee nea ea .20 
Steel-on agate; oiled. ...5 7.255583. .107 
PROTON As VOM es siete a hao tees Saas .30—.70 
WGC OW BUONO: 2.4.) 2s ke eee i. (QDOUL 40 
Masonry and brick work, dry........ .60—.70 
Masonry and brick work, damp mortar] .74 
Masonry on. dry clay:.. 22055 7 o205 Gee 2511 
Masonry on moist clayi.. 0... .33 
HMatth: On earths a2 Goats 4 stakes cine . 25-1 .00 
Earth on earth, dry sand, clay and 

WOO Garth is. 15 ca hes a ee .38—.75 
Earth on earth, damp clay........... 1.00 
Earth on earth, WOLICIAY. foreman tS ro ee 
Earth on earth, shingle and gravel....| .81-1.11 


RESISTANCE TO CRUSHING FOR VARIOUS 


Tables.) 


Coefficient of | Angle of repose 


in degrees. 


14.0-26.5 
9) 


26.5-31.0 
195s 


pat thes 
c© Hom 
On =o) 


— 
©o 
SK OIntooonnnid OOO OO 101 


16.7-35.0 


MATERIALS 


Approximate values in pounds per square inch. 


Resistance to 
Material. crushing in Material. 

lbs. per sq. in. 
Brick: Granite..... 
soft burned..| 3000-6000 Tamestone .. 
hard burned.| 4500-6500 Marble..... 


vitrified. .... 8500-25000 Sandstone. . 
Brownstone....| 7300-23600 Pitas sae 
Concrete... 5; 800-3800 
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Resistance to 
crushing in 


lbs. per sq.in. 


9700-34000 
6000-25000 
7600-20700 
2400-29300 
7700-11600 
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TENSILE STRENGTH OF METALS 
(Selected from Smithsonian Tables.) 


Given in pounds per square inch. The values can be considered only as 


approximations. 
Metal vie 
Prem WILG. eri ok ee fe ee eS 30000-40000 
CE, Vi iy Rn 50000-150000 
Bronze wire, phosphor, hard drawn.......... 110000-140000 
Bronze wire, silicon, hard drawn............. 95000-115000 
DSS Gy hn 6 ao a ee aa cer a 60000-75000 
Sooper wire, hard draws .\/.... 008.2... 20s. 60000-70000 
MEMEO A SU Naot aes ee) Goh ad eo ® 20000 
(TES SSIES 291 CR et ee gee ee 13000-33000 
Promewice; ard Grawilinass ysl... - hee ee: 80000-—120000 
MramamireeaniQealed «cc sapenls. . Se oes eS 50000-60000 
Lead, Ga POW <a Ac ogee ee 2600-3300 
on) CATE ols > ee San Ee a 39000 
Re ee mat ILC nos ho Sei ace Se Sys vel ss 50000 
Silver wire.......... Rescate SER oye. hae aus 42000 
Ns cent praat ui ats Ghb a eso, Sie st 80000-330000 
Per eMmWITe  TRAXINUIM 6 fceuy strc bis valb es le ee . 460000 
Steel, specially treated nickel steel........... 250000 
Steel, piano wire, 0.033 in. diam............. 357000-390000 
Steel, piano wire, 0.051 in. diam. PRR ES ak de em 325000—337000 
Tin, cast or drawn...........-: EE AAS stagtvaede ah aeony 4000-5000 
Zine, 2 Sap Ck ah SR ee Fak Ce eer eee 7000-13000 
Zine, UR Me fare sien ee ENC S he a ok ens 22000-30000 


MODULUS OF RUPTURE. TRANSVERSE TESTS FOR 
VARIOUS WOODS 


(Smithsonian Tables.) 


pateeel: tances ane: ee ee ibe gen 

Wea. White... o..-.. 10,800 Maple, sugar ....| 16,500 
Basswood ........ 8,340 Maple, white.....| 14,640 
Pcceiies ote odes « 16,200 ok Ted 4.2 vos bee L EL AOO 
Wodar red. 2... 11,800 Oaks, white... é-.. 13,100 
Cedar, white...... 6,300 Pine, white...... 7,900 
Cypress, bald..... 7,900 Pimevred: tian ee 9,100 
Bila WIte 5.3. 10,300 Poplat.a4) s< oa 9,400 
Fir, Se eee 13,270 Spruce, pine...... 10,000 
Hemioeks 25.5%. ; 9,480 Walnut, black....| 11,900 
Hickory, pignut 18,700 


—— 
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HARDNESS 
ScALE OF HARDNESS 
12=2Eale 4 Fluorite 8 Topaz 
2 Rocksalt 5 Apatite 9 Corundum 
3 Calcite 6 Feldspar 10 Diamond 
7 Quartz 
HARDNESS OF MATERIALS 
The numbers give only the order of arrangement as to hardness. | 
(Fiom Smithsonian Tables.) 

NPAT terete tice. cit ie Hematite >>. 205.5. 6. 
Mabe stern. cociins «5.x. 1.7 4\-Hornblende:= 2-5 = ee 
gM Cy gL re a 9-2 5 lt Tridium, oy ee ee 6. 
Atwminiin. 0... 245 er Iridosmium....... t 
EL ee a 2 On sees ee 4-5. 
AWG ALUSIE.. tice tance 72a Kaolin. ees lig 
Anthracite, . isaac 2 DN Lai Oe a eee Ly 
ADtIMION Ys). oie se 3.01 e@ess (02). sane see 0. 
BAEC oe tea, eke 5. Magnetite (7.2.5: 6. 
ATAPONILG,. oo ae: 3.) a Nvlarblegs se ences 3-4. 
NESOMIG a eleriin 0082 3.5 || Meerschaum 2-3. 
WSDESEOS. 2 oi e512 fF: 5. Mica. sae ee 2.8 
Weobiah, ee toe: 1-2. Opal oi oet ee 4-6. 
ERIE Ce a ae 6.2 P Orthoclase. ona 6. 
Bariter ae. eae ak oo 3:3%.|| Palladium... ~ a 4.8 
Bory Pee hia Sik 7.8 || Phosphor bronze.. . 4. 
Bell-metal. .:... ... A. Platine cee 4.3 
BwsMGG se oe Se 2-5 -<. Plat-iridium:.cn cee Goo 
Borie aie? on ok 3: Pyrite 6.3.08 eee 6.3 
Bras et os. Fak 3-4, Quarizg a hie rt 
Clalamiinies 665: 3 o-ae% by Rock-salt..... i ae a ae 
alee cae) cee Bt Ross’ metal... .. 4} 2.)=38-0 
WODDEl. ic uA Phe nis 25-3. Silver chloride as te: 
Corundum: ry... >. 9. Sulphurs io ket ae a 
Diamond..... 10) Stibnites:.1 esky ae 
Potlomree 2 eos a 3.5-4. Serpentine........ 3-4. 
Heldspar anes 6. Silver ae Molchane: 2.5-3, 
Rint’. ion nee ee he Steel 735 Ae teree 5-8.5 
Floste Rae 2S 4. "PRG 5 eee eee iS 
Galena eo fos cae PAA SPAN (Yooh I 1 2 Ge weap tee A RO eo psa 
Garnet tox. oN nas ‘fs PODG Ran Boe 8. 
lage) fo Et ere 4.5-6.5 || Tourmaline....... (ees 
Goltk..g etree ee 2.5-3. WER (USS a ee eee 0.2 
Graphite:-. 14 so eset Ofna Wood’s meial..... 3. 
Gy peal. > bias ae 1.6-2. VAY so ag jee on 
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SURFACE TENSION OF VARIOUS LIQUIDS IN 
CONTACT WITH AIR 


(Compiled from Various Sources.) 


Petroleum pa eves te 2 A = 20 


Salt in solution. 


Barium chloride......... 
Calcium chloride........ 
Calcium chloride... ...... 
Copper sulphate......... 
_ Hydrochloric acid....... 
Hydrochloric acid....... 
Hydrochloric acid....... 
Potassium chloride...... 
Potassium chloride...... 
Sodium chloride......... 
Sodium chloride......... 
Somium nitrate... oo. ek 
Sodium oleate:. 0.5.55 
Sulphuric acid.......... 
Silpiime acie. -Y . 24-25 3 
peLine sulphates . Po... oe: 
PANG SUIphaAte ows... 


Density of 
solution. 


peek fet et pe Re pe et Re 


282 
Bok 
MTL. 
.178 
119 
O89 
.024 
ul 7O 
101 
.193 
{TOF 
.302 
saturated 


Observer. 


Ramsay & Shields 


g 
Ramsay & Shields 


: ‘Tension, 
Liquid. Temp. ° C.| dynes per 
cm. 
meer acid) +02 20 2375 
PLOCEONO! ol el e ex 17.6 23.3 | Jaeger 
Alcohol, ethyl........; 20 21.7 | Magie 
Alcohol, methyl...... 20 23.0 
DMT fa Mie ne eee Len Le.5 44.1 | Volkmann 
Benzol (Cee)... ... ... 22.5 29.4 | Cantor 
BSTOMING: 62 eos ese et —21 62.1 | Quincke 
Carbon disulphide...+.| 20 ' 31.7 | Magie 
Shioratorm. 2.02). 20 26.7 | Magie 
etre ee ss 20 16.8 | Brunner 
PPYCRIING 2. .cot os 18 65.2 | Cantor 
Hydrochloric acid....}| 20 72.9 | Quincke | 
INECRGUEV og fee es 18 520. > 
Gye. iia we 20 33.5 | Mean of various 
- Oil, turpentine....... 20 27.1 | Mean of various 
25.9 | Magie 


SURFACE TENSION OF AQUEOUS SOLUTIONS 


Tension in 

dynes per 

cm. against 
air. 


— 


00 
6 09 INTO COT 00H CO WEA MNO 
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SURFACE TENSION OF FUSED SOLIDS 


Substance. 


Boniksn oe aucerenh ee eee 


We Me wo gikel Ge tepte wo) en ge. @ (ered 


Onl cee otis! ah Sa) wuteh + meLe. Leer die 6D 


Phosphorus 
Platinum 
Potassium 
Potassium chloride 
Silver 


SOCUEM Wa. ee dee t= ae 


GPS Nee. ieissevtiwh set ise me eb i sel vs, (6), eke nl 


is in contact. 


Gas with 
which liquid 


Cat Wien Ce Ch 


Pave. 1s salece, fe Pins Ae 


Oe Io, ‘ei pl: te. fe, omue 


Bs fe eins) ot Ke sae 


05/8. (age home Te was te. 


* Heydweiller. 


(With One Exception from Quincke, 1868.) 


Surface 


Lemipac. Os tension, 
dynes per cm. 
LS VAs 240. 
fusion 2125 
fusion 581. 
1070 G12. 
fusion 950 

330 448. 

fusion Ale? 
2000 1658. 
58 Sdelg 
fusion 93. 
1000 (S25 
fusion FAB) 
90 20s) 
fusion abs. 

160 66.9 
BigE 42. 
fusion Sole 
360 877. 


SURFACE TENSION OF WATER AND ALCOHOL 


SurrFacE TENSION FOR WATER AND ALCOHOL (ETHYL) IN 
Contact witH AIR IN DYNES PER CENTIMETER 
(From Smithsonian Tables.) 


Surface tension, dynes 


per centimeter. 


Temp. Temp. 
ae On ae 2° Cs 
Water aldoliol 
0 15.0 23.9 15) 
5 74.9 23.1 60 
10 74.2 22.6 65 
15 73.0 22.2 70 
20 12.8 21M: £65) 
25 721 21.3 80 
30 71.4 20.8 85 
35 LO 20.4 90 
40 70.0 20.0 95 
45 69.3 19.5 100 
50 68 .6 Apel 
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Surface tension, dynes, 
per centimeter. 


Water fecha: 
67.8 18.6 
Gil 18.2 
66.4 Léa 
65.7. 17,3 
65.0 16.9 
64.3 

63.6 

62.9 

6222 

61.5 
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VISCOSITY OF WATER AND OTHER LIQUIDS 
(1) Thorpe-Rogers, 1894; (2) Gartenmeister, 1890, 


Coefficient of viscosity, C. G. S. 
Bice Alcohol,|Chloro- Acetic [Catbon | ayy) 
Water ethyl | form Ether | Benzol cid S43 acetate 
(1) 2 ie (1) (2) ed) (2) (1) (2) 
Ooh O0Or MOLTO. | O0700. |... <..)00902 | ..... 00429 
10 .733 |.01449 |.00626 |.0026 |.00759 | .0150-|.00396 | .0106 
20 .564 |.01192 |.00564 |.0023 |.00649 | .0126 |.00367 | .0089 
30 .449 |.00990 |.00511 |.0021 |.00562 | .0109 |.00342 | .0077 
40 .868 |.00828 |.00466 | .... |.00492 | .0094 |.00319 | .0065 
50 308 |.00698 |.00390 | .... |.00437 | .0082 |..... 0058 
60 263 
70 228 \LOOSG4C hi.:.'s.; .00351 
80 . 200 
90 178 
VISCOSITY OF LIQUIDS 
Coefficient of Viscosity in C. G. S. Units 
Liquid. THD: Viscosity. Observer. 
BRECK OMG edited ye vce sis ts 20: .0033 | Thorpe-Rogers 
STG CTE 2 ei a eS 0.0033 | Forch 
Se Promine-: 963+. 3.2. . sto. 16. 0.010 Thorpe-Rogers 
Carbon dioxide (liquid) .| 20. 0.00071 | Warburg-Babo 
(Cs ne 2.8 | 42.2 Schottner 
‘ Pes 83 Schottner 
“LG eI ae ae 0. 0.0170 | Koch 
20. 0.0157 | Koch 
300. 0.0093 | Koch 
Namen ett. acs oe iy 0.9890 | Brodmann 
SUmpnuriederd... 453...) 20: 0.22 Graham 
VISCOSITY OF GASES 
C. G. 8S. Units. 
Gas ee: Viscosity. Observer. 
POE aie orn t £6. Seales Oa 0.000173 | Breitenbach 
Carbon dioxide... 2<.:.. >. —20. 0.000129 | Breitenbach 
La 0.000145 | Breitenbach 
NORING tens S Scie os 20: 0.000147 | Graham 
Biv amigeten hs tele. 0. 0.000086 | Markowski 
CUS (Ge ba ee ee 10.9 | 0.000171 | Obermayer 
ge her sched So Vhe sts. 0. 0.000193 | Markowski 
Water Vapor oc. ia. Ui.: 0. 0.000090 | Puluj 
100. 0.000132 | Meyer-Schumann 
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= DIFFUSION 


GASES INTO AIR 


Coefficient of 
Gas or vapor. Syke diffusion, Observer. 
; sq.cm./sec. 
(Alcohol wapotcue laiiekls sec: 40.4 Onset Winkelmann 
Carbon dioxide: vo ae les 0.0 0.139 Mean of various 
Carbon disulphide........... 19.9 0.102 Winkelmann 
then ev apors Sere tac ie ce, sake 19.9 0.089 Winkelmann 
HeArose nk tent ea et ee 0.0 0.634 Obermayer 
OSV CTE ee ne ctindoiet ecco 0.0 0.178 Obermayer 
Wiater vaporssms sets icc 8.0 0.239 Guglielmo 


AQquEous SOLUTIONS INTO PURE WATER 
Concentration in gram-molecules per liter. 


Concen-| Temp. | Diffusron 
Substance. tration.) Ch | ecscnas ie Observer. 
COLIC SACIC ou tek. we era Oe, how 0.77 Scheffer 
120 125 0.74 Arrhenius 
2.0 22 0.69 Arrhenius 
- sO) 122 0.68 
4.0 122 0.66 Arrhenius 
IAWINTTOUNA A ae Pie sie as See 10 1p 2a 1.54 Abegg 
Barium’ chlortde; «50. <<. 0.2 8. 0.66 Scheffer 
Bromine ees ec ee 0.1 12. 0.8 Euler 
Cadmium sulphate........ 20 19.04 0.246 Seitz 
Galcium: chloride..s. 3. 3.6 27-0 10. 0.68 Schuhmeister 
Ghiornmeset nee ec oe Oral 12: 22 Euler 
Copper sulphate......... 0.1 Le 0.39 Thovert 
BWOpTIAICr ACI eae ee eer ck ee 1.0 WF 0.97 Abegg 
(Gly cerineres errr ee 0.1 10.14 O65 Heimbrodt 
0.2 10.1 3700" Heimbrodt 
120 10.14 0.339 Heimbrodt 
we varocalorie, aed + 2th. ve 0.1 19.2 Pe Palh - Thovert 
1.0 i as 2.09 Arrhenius 
2.0 12) PA, Arrhenius 
Lodane= area? Ree ae 0.1 12. (0.5) Euler 
Magnesium sulphate....... 1.0 le 0.30 Scheffer 
INE TIGHEAUCIC neem arena tae. Ot ORD 2.07 Thoveit 
Potassiurn bromide........ 1.0 10. 11S Schuhmeister 
CATPONat Cree ra ete.® paar 3.0 10. 0.60 Schuhmeister 
Chlonidersatac: swe ee Ort WIA 1.38 Thovert 
Chlorideteies ir pve ee 4.0 10. 1.8 ¢ Schuhmeister 
WYVATAtCE o> oe ace. ke eRe O.1 125 Ley2 Thovert 
LO nO 1s 74 Arrhenius 
3.0 12: 1.89 Arrhenius 
Diver NiGnate see. each laced: 0.1 Woe 0.985 Thovert 
Sodium: acetates .....6 tn eee | as Oe 128 0.67 Kawalki 
‘ChlOride Hee hee wee Oat LOG 0.94 - Thovert 
OZ 15.0 0.94 Thovert 
oy LEO a0) 0.94 Thovert 
ee) 143 0.964 Heimbrodt 
hydrate mca Oeil he eG 1.0 123 dag up Thovert 
LOGIN CH Kut a eae eo eoehar 1.0 LOE 0.80 Schuhmeister 
(8) 10: 0.490 Schuhmeister 
SUP arr oh eee ee iatee eee 1.0 125 0.254 Arrhenius — 
Sulphuricsacidveysc. tases 12) 12. 1.12 Arrhenius 
2.0 TA 1Z16 Arrhenius 
UPeaiicen Basho cin eel cee ORT 14.8 0.97 Heimbrodt 
0.2 14.8 0.969 Heimbrodt 
ZANCAACEEAO ty, Shae eee aot 18.05 0.210 Seitz 
AO) 0.04 0.120 Seitz 
BUND Wee onae evar eh heres 1.0 14.8 0.236 Seitz 
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OSMOTIC PRESSURE OF AQWEOUS SOLUTIONS 


For A MEMBRANE OF FERROCYANIDE OF CopPER 


Dissolved Substance. pee chnerence Te c pou. Observer. 
Ciycerine. 32. se .. .00199 0 86.7 
Cy arabic. . oa... 0.0099 Loc5 7.0 | Pfeffer 
Gum arabic......... 0.164 15.26 ob1 93 Pfeffer 

_ Phenol (carbolic acid) ay aie 0 2aLG Naccari 
Gm.-mol. sub- 
Bann em overnite 


sol. 


incase Se ok .O001 


G2 2.39 |Morse,1911 
.0005 10.2 |. 11.55 |Morse,1911 
. 0010 10.0 | 23.80 |Morse,1911 
Saccharose (cane 
Beta. tee bay bok ae .0001 10.0 2.50 |Morse,1911 
.0005 10.0°} 12.30 |Morse,1911 
0010 10.0 


25.69 |Morse,1911 


Gm.-mol. sub- 
stance in 1 
ecm. sol. 


Potassium carbonate .00005 oes 


1.17 | Adie, 1891 
ferrocyanide...... .00005 . | 15 3.44 | Adie, 1891 
PUNT Ress CG .00005 15 1.56 | Adie, 1891 
4. 


Sodium citrate (acid) .00005 15 32 | Adie, 1891 
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HEAT 
CONVERSION OF THERMOMETER SCALES 


. .—32)4 
Degrees C. X1.8+32 = Degrees F. Degrees se a = Degrees R. 
Degrees aS = Degrees C. Degrees KO = Degrees C. 
Degrees aoe : + 32 =Degrees F. Degrees 3 = Degrees R. 


CENTIGRADE-FAHRENHEIT THERMOMETER SCALE REDUCTIONS 

The values given in the body of the table show the temperatures on the 
Fahrenheit scale corresponding to that on the Centigrade scale given at the 
top and side. : 


Ee an0 1 2 gs} ag SR eg coe ees 

0 | 32.0 | 33.8 | 35.6 | 37.4| 39.2] 41.0| 42.8] 44.6] 46.4] 48.2 
10 | 5010 | 51.8 | 53.6 | 55.4] 57.2] 59.0] 60.8] 62.6] 64.4] 66.2 
20 | 68.0| 69.8 | 71.6 | 73.4| 75.2] 77.0] 78.8] 80.6] 82.4] 84.2 
30 | 86.0 | 87.8 | 89.6 | 91.4] 93.2] 95.0] 96.8] 98.6/100.4/102.2 
40 | 104.0 | 105.8 | 107.6 |109.4/111 .2/113.0/114.8|116.0/118.4|120.2 
50 | 122.0 | 123.8 | 125.6 |127.4/129 2/131 .0/132.8/134.6/136.4|138.2 
60 | 140.0 | 141.8 | 143.6 |145.4/147.21149 .0/150.8/152.6|154.4|156.2 
70 | 158.0 | 159.8 | 161,6 |163.4|165.2|167.01168.8/170.6|172.4|174.2 
30 | 176.0 | 177.8 | 179.6 |181.4/183.2/185.0|186.8/188.6|190.4|192.2 
90 | 194.0 | 195.8 | 197.6 |199.4/201 . 2/203 .0/204 8/206 .6|208 .4|210.2 
100 | 212.0 


C° 0 10. |: 20 30 40 50 60 | 70 80 90 


=200 | —328 | =—846 | -364 | —382 | —-400 | 418 1 436 | —-494 2... 7... 
-—100 | -—148 | -166 | -184 | -—202 | —220 | —238 | —256 | —279 | —292 | -—3810 

—0 32 14 —4 | —22 —40.| —53 —76 94)" =11 28) 130 
+0 32 50 68 86 104 122 140 158 176 194 
100 212 230 248 266 284 302 | 320 338 356 374 
200 392 410 428 446 464 482 500 518 536 554 
300 572 590 608 626 644 662 680 698 716 734 
400 752 770 788 806 824 842 860 878 896 914 
500 932 950 968 986 | 1004 | 1022 | 1040 | 1058 | 1076 | 1094 
600 | 1112 | 1130 | 1148 | 1166 | 1184 | 1202 | 1220 | 1238 | 1256 | 1274 
700 | 1292 | 1310 | 1328 | 1346 | 1364 | 1382 | 1400 | 1418 | 1436 | 1454 
800 | 1472 | 1490 | 1508 | 1526 | 1544 | 1562 | 1580 | 1598-| 1616 | 1634 
900 | 1652 | 1670 | 1688 | 1706 | 1724 | 1742 | 1760 | 1778 | 1796 | 1814 
1000 | 1832 | 1850 | 1868 | 1886 | 1904 | 1922 | 1940 | 1958 | 1976 | 1994 
1100 | 2012 | 2030 | 2048 | 2066 | 2084 | 2102 | 2120 | 2138 | 2156 | 2174 
1200 | 2192 | 2210 | 2228 | 2246 | 2264 | 2282 | 2300 | 2318 | 2336 | 2354 
1300 | 2372 | 2390 | 2408 | 2426 | 2444 | 2462 | 2480 | 2498 | 2516 | 2534 
1400 | 2552 | 2570 | 2588 | 2606 | 2624 | 2642 | 2660 | 2678 | 2696 | 2714 
1500 | 2732 | 2750 | 2768 | 2786 | 2804 | 2822 | 2840 | 2558 | 2876 | 2894 
1600 | 2912 | 2930 | 2948 | 2966 | 2984 | 3002 | 3020 | 3038 | 3056 | 3074 
1700 | 3092 | 3110 | 3128 | 3146 | 3164 | 3182 | 3200 | 3218 | 3236 | 3254 
1800-| 3272 | 3290 | 3308 | 3326 | 3344 | 3362 | 3380 | 3398 | 3416 | 3434 
1900 | 3452 | 3470 | 3488 | 3506 | 3524 | 3542 | 3560 | 3578 | 3596 | 3614 
2000 | 3632 | 3650 | 3668 | 3686 | 3704 | 3722 | 3740 | 3758 | 3776 | 3794 


For interpolation in the above table 
OP Se wes MES, erie 1 2 3 4 5 6 7 8 9 10 
Aa tovh a Aen 18> -S5GW 546 2722) ROP LOLS 2 126 le Sa Gis eel 


REDUCTION OF MERCURY IN GLASS THERMOMETER READING 
TO THE HYDROGEN SCALE 
JENA Norma Guass, 16%! 

(From Miuiller’s Laboratory Physics, Ginn & Co., publishers, by permission.) 


Reading...... | 0° 10 | 20 | 30 40 | 50 
Correction....| 0°.000 | —0.055 | —0.090 | —0.109 | —0.115 | —0. 109 


Reading. ie... | 50° | 60 | 70 80 90 100 
Correction... .|—0°.109 | —0.096 | —0.076 | —0.053 | —0.027 | 0.000 
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COEFFICIENTS OF THERMAL EXPANSION 


LINEAR EXPANSION 
(Compiled from Smithsonian Tables.) 


The Table gives the increase in length per unit length per degree Centi- 


» grade. 


ee 


Substance. 


PA MEMINUIN, 222s. 
Aluminum........ 
AMTGIIMOUY: §, 40; ves! S3 
JCC ie 
DTASh) CAStayor Fs. « 
Brass, wire....... 
Bronze 8Cu+18n.. 
86.3Cu+ 
9.78Sn+4Zn .. 
Cadman: fa-3-i.". 
Carbon diamond . 
gas carbon...... 
praphite:......5 <. . 


German silver.. :.. 
Glass, tube....... 
crown (mean)... 


“JULGS aaa re a 


Iceland spar: 
WHO AXIS si io0:2 
BRLOnAXIS..-.402 4h, 
BHCIUNY,. Sisk 


SOG citer ats 


Temp. ° C, 


40 

600 
15-101 
19-101 
0-100 
0-100 
16.6-100 


Coefficient. 


.3150 
. 1088 
.1345 
.1875 
. 1930 
. 1844 


.1782 
.416 

.O118 
.0540 
.0786 
.2078 
. 1236 
.4570 
. 1678 
. 1409 
.842 

. 1836 
.0833 
.0897 


.0788 


.081 

. 1443 
.983 
Ol 


.2631 
.0544 
.0682 


1216 
1210 
1061 
0850 
1322 
2924 
2608 
117 


.2313X10-4|Fizeau 


Observer. . 


Chatelier 
Griineisen, 1910 
Griineisen, 1910 
Smeaton 
Smeaton - 
Daniell 


Fizeau 
Griineisen, 1910 
Fizeau 
Fizeau 
Fizeau 
Fizeau 
Fizeau 


Fizeau 
Henning 
Kohlrausch 
Pfaff 
Smeaton 
Lavoisier and 
Laplace 
Pulfrich 


Schott 
Fizeau 
Russner 
Mean 


Benoit 

Benoit 

Holborn and 
Day, 1901 

Guillaume, 1912 

Fizeau 

Fizeau 

Henning 

Fizeau 

Fizeau . 

Griineisen, 1910 

Fréhlich 

Guillaume 
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COEFFICIENTS OF THERMAL EXPANSION (Continued) 


grade. 


Substance. 


Phosphorus....... 


Platinum-iridium 
10Pt-elire 

Platinum te. 

Poreclame: 27 


Potassium oo... 


Quartz crystal: 
| toraxiss tes). 
A tO BNISms =. ie, 


Silvers. Mietaca 
Speculum metal... 
Sulphur crystal 


‘unestensex ites) 2 
Vailcanite, jane : 
Wood: 

a parallel to 


beéchii2i s,s. 


Chin eters: 
mahogany.... 


Across the fibre: 
ipeechvisc 
chestnut.) :.t. 


LINEAR EXPANSION 


Temp. °C. Coefficient. 
0-40 
40 10.0884 
40 |0.0899 
20-790 |0.0413 
0-50 |0.8300 
0-80 |0.0797 
0-80 10.1337 
0-200 (0.00518 
0-1200 |0.00585 
40 |0.0850 
40 |0.4040 
40 |0.3680 
40 |0.1921 
0-100 (0.1933 
40 10.6413 
18-100 {0.2692 
20-100 (0.0336 
0-18 |0.6360 
0-100 (0.0951 
2-34 |0.0257 
2-34 (0.0649 
2-34 0.0565 
2-34 {0.0361 
2-34 (0.0638 
2-34 |0.0492 
2-34 {0.0541 
2-34 |0.0658 
2-34 |0.614 
2-34 10.325 
2-34 (0.443 
2-34 (0.404 
2-34 |0.484 
2-34 |0.544 
2-34 |0.341 
0. 


aN 
= 
=) 
i) 
Ne) 
pt 
GO 
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The Table gives the increase in length per unit length per degree Centi- 


Observer. 


1.2530X10-4/Pisati and De 


Franchis 


Fizeau 
Fizeau 
Braun 
Hagen 


Benoit 
Benoit 
Randall, 1910 
Randall, 1910 
Fizeau 
Fizeau 
Fizeau 
Fizeau 
Smeaton 


Fizeau 
Griineisen, 1910 
Colin, 1910 
Mayer 


Glatzel 
Villari 
Villari 
Villari 
Villari 
Villari 
Villari 
Villari 
Villari 


Villari 
Villari 
Villari 
Villari 
Villari 
Villari 
Villari 
Villari 
Fizeau 
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EQUATION FOR THE LINEAR EXPANSION OF SOLIDS 
Tf lo is the length at 0° C. the length at ¢° C. is Ll, =1) (1 +at +8t?). 


The table gives the values, of these coefficients. 


Substance. sae Qa. B. Observer. 


Aluminum... .|10—-90 - |.2221x10-*} .114x10-7 |Fizeau 


BEARS eax. 10-90 —-|.1781 .098 Fizeau 

Copper.:.... 10-90 |.1596 . 102 Fizeau 

a i 10-90 |.1410 042 Fizeau 

Iron, pure...} 0-388 |.1145 2074 Guillaume 

Reade. 5.. .: 10-90 |.2829 120 Fizeau 

NICKEL 6 ic. 04 0-38 |.1255 .057 Guillaume 

Platinum... .| 0-1000!.0868 wis Holborn and 
. -| Valentine 

Silver. 2.200. 10-90 |.1862 .074 Fizeau 

aint) Sieg aaa 10-90 |.2094 175 Fizeau : 

AT ines Sg 2 10-90 |.2969 — .0635 Fizeau 


CUBICAL EXPANSION OF SOLIDS 


The coefficient of cubical expansion for a solid is approximately three 
times the linear coefficient. 


The experimental values for various solids are given in the following 
table. The coefficient is the increase in volume per unit volume per degree 
Centigrade. 


Substance. ‘Fempss-) C; Coefficient. Observet1. 
Anitiniony....... 0-100 (0.3167 X<10—4|Matthieson 
ieoitlte se 6 2 >| oy. ae 0.4000 Kopp 
Hammond, 02"... .. 40 (0.0354 Fizeau 
PiU Spars. go. 14-47 = =0.6235 Kopp 
Glass, white tube. 0-100 0.2648 Regnault 

green tube... .. 0-100 |0.2299 Regnault 
eis. gilt att 20>1008- 102533 Reichsanstalt 
Te@ ns: ..2....'—20 to—I {1.1250 Brunner 
Iceland spar..... 50-60 |0.1447 Pulfrich 
PO Oe er aes 0-100 |0.3550 Dulong and Petit 
Roereeltinge lS 0-100 {0.1080 Deville and Troost 
Ciara 232 Ps 50-60 0.3530 Pulfrich 
hocksealt a2... 50-60 = {1.2120 Pulfrich 
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- COEFFICIENTS OF EXPANSION OF GASES AT 


CONSTANT PRESSURE 


Change in volume per unit volume per degree Centigrade. 


(From Smithsonian Tables.) 


Pressure 
Gas. cee; in em. of 
: mercury. 
Acetylene sacs a oe 6) hon 
Acetylene. ........ 0-100 76. 
BART toate Setar: one cee 0-100 765 
PANT te eng eR Es 0-100 100.1 
AMMONIG.s oso O's 
IAT NOMA so a ease 0--100 “Oe 
Carbon dioxide..... TOE 
Carbon dioxide.....| 0-100 76. 
Carbon dioxide.....| 0-20 51.8 
Carbon dioxide.....| 0-40 51.8 
Carbon dioxide.....| 0-100 51.8 
Carbon dioxide.....| 0-20 99.8 
Carbon dioxide.....|/ 0-100 99.8 
Carbon dioxide.....| 0-20 AS GAd 
Carbon dioxide.....| 0-100 lp yeeere 
Carbon dioxide.....| O-7.5 |2621. 
Carbon dioxide. . 64-100 |2621. 
Carbon monoxide.. 0-100 76. 
Chlorine sec. sees 76. 
@hlonnezyse oe 0-100 76. 
Cyanozenanc. a. 76. 
Cyanogens os Gans 0-100 76. 
Hydrochloric acid...| 0 76. 
Hydrochloric acid...| 0-100 coe 
Ey cdrogenneas ck = 0-100 100.0 
Hydrogzent ne. ee 0-100 200. atm 
Hy drogens =. .0 er 0-100 400. atm 
Hy drogens a) 23.6.4 0-100 600. atm 
Hydrogen-a+-.: 5 oe: 0-100 800. atm 
INGtRO@en he. es. «i apaene Loe 
INGrOmenis fos. ee 0-100 76. 
Nitrous oxide...... 0-100 76. 
ROW ace she recs, « taeees 0-100 100. atm 
OX PCM occa. sila ene 0-100 200. atm 
Oxy@enne saci ees cies 0-100 400.' atm 
OxyiSeinei st ee ee 0-100 600. atm 
Oxygen ete haces 0-100 800. atm 
Oxygen. race t) -OSL0O1000atm 
Sulphur dioxide. ...| 0-100 Uke 
Sulphur dioxide: :..}) .:..... 98. 
Water vapor....... 0-119 76. 
Water vapor....... 0-141 76. 
Water vapor....... 0-162 76. 
Water vapor....... 0-200 Oe 
Water vapor......:. 0-247 “On 


Coeffi- 
cient. 


003772. 


3739 


3670 | 


36728 
3860 
3800 
3751 
3723 
37128 
37100 
37073 
37602 
37410 
37972 


Leduc, 1912 


Observer. 


Ledue, 1912 
Regnault, 1842 
Chappuis, 1903 
Leduc, 1912 
Ledue, 1912 
Leduc, 1912 
Ledue, 1912 
Chappuis, 1903 
Chappuis, 1903 
Chappuis, 1903 
Chappuis, 1903 
Chappuis, 1903 
Chappuis, 1903 
Chappuis, 1903 
Baly-Ramsay, 1894 
Baly-Ramsay, 1894 
Regnault, 1842 
Leduc, 1912 
Leduc, 1912 
Ledue, 1912 
Leduc, 1912 
Leduc, 1912 
Leduc, 1912 
Chappuis, 1903 
Amagat, 1890 
Amagat, 1890 
Amagat, 1890 
Amagat, 1890 
Ledue, 1912 
Ledue, 1912 © 
Regnault, 1842 
Amagat 
Amagat 
Amagat 
Amagat 
Amagat 
Amagat 
Regnault, 1842 
Regnault, 1842 
Hirn, 1862 
Hirn, 1862 
Hirn, 1862 
Hirn, 1862 
Hirn, 1862 
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COEFFICIENT OF EXPANSION OF GASES AT 
CONSTANT VOLUME 


Change in pressure per unit pressure per degree Centigrade. 


(From Smithsonian Tables.) 


Temp..| Pressure Coefh- 

Gas. OE. 4 hem. of He. cient. Observer. 
INCEEVNCN Ci. a cas icca es < cae 0) 76. 003741 Leduc, 1912 
INGOEVICTIC I. 3 gch oe 0-100 Vde 3726 Leduc, 1912 
RAE ete epee Say cic cfstcy. ten atte .6 37666 |Meleander, 1890-92 
AE es SoS CS ee eee 1.3 37127 |Meleander, 1890-92 
DAU taer een Cetera soy ras os" | has vo is 0s 10.0 36630 |Meleander, 1890-92 
TUES 0 SS CR Ac ae 25.4 36580 |Meleander, 1890-92 
EXE eer ren aera ces ERE ek ee 15.2 36660  |Meleander, 1890-92 
/NTNE Ge A ene ae ee er 0-100 100.1 36744 |Chappuis, 1903 
AGES & Re ap See eer ae 76.0 36650 |Regnault, 1842 
Maite is OOh ae ee  e e 200.0 36903 |Regnault, 1842 
GNAUE Sa Ls 7 are ae ees ae ene 2000. 38866 |Regnault, 1842 
PN ee rere ee  ahee | angi ass 10000. 4100 Regnault, 1842 
JESECHOGCL EN Re Oo Re A ee 6) 76. 3800 Leduc, 1912 
ASTAMTRLOTMEA te cits cc cic oe 0-100 76. 3770 Leduc, 1912 
PASTE, GMM eee aka semeraneng |i alters S05 51.7 3668 Keunen-Randall, 

; 1896 
Carbon dioxide......| 0-20 pile 36985 |Chappuis, 1903 
Carbon dioxide...... 0-40 51.8 36972 |Chappuis, 1903 
Carbon dioxide...... 0-100 o1:8 36981 |Chappuis, 1903 
Carbon dioxide...... 0-20 99.8 37335 |Chappuis, 1903 
Carbon dioxide...... 0-100 99.8 37262 |Chappuis, 1903 
Carbon dioxide...... 0-100 100.0 37248 |Chappuis, 1892 
Carbon dioxide......| 0 Lon 3724 Leduc, 1912 
Carbon dioxide......}| 0-100 76. 3714 Leduc, 1912 
Carbon monoxide....| ..... 16; 36667 |Regnault, 1842 
Cyanogenan. ¢ e.ghes 0 76. 3870 Leduc, 1912 
Cyanogen t. -t5 it~ 0-100 76. 3830 Leduc, 1912 
WCW ANORE hoo. ees cee 0 76. 3780 Leduc, 1912 
TERS EER Ee 3 ee ee ara re 0- 100 76. 3750 Leduc, 1912 
BE Lies PAUL coe easy Preps ease: | meee wes 56.7 3665 | Keunen-Randall, 

1896 

Hivdrochloric. acid .> | 25 ..-. 76. 3740 Leduc, 1912 
Hydrochloric acid. . .} 0-100 76. 3721 Leduc, 1912 
EN GrOe elie tare e a. 2, 0) - 76. 3663 Leduc, 1912 
BE VGnOSEM.. sts esters 0-100 76. 3664 Ledue, 1912 
Eide Oeien ors crac ae 16-132 0077 3328 Baly-Ramsay, 1894 
Hiyjdrogen a) 25)... 3h. 15-132 025 3623 Baly-Ramsay, 1894 
yO eens. se os aul: 12-105 47 3656 Baly-Ramsay, 1894 
FASCARO REIS ee Sice g ctvee 0-100 100.0 36626 |Chappuis, 1903 
MWhethane> si. as ene O 76. 3680 Leduc, 1912 
Whetnane seo ct': Saat 0-100 76. 3678 Leduc, 1912 
INTEROP EI <4. Bek 0 76. 3672 Leduc, 1912 
INIGRO LEME ge lscctets 5 saws 0-100 76. 3672 Leduc, 1912 
INGE OGM ek caer = as 13-132 .06 3021 Baly-Ramsay, 1894 
INN rOOeMes:. cae crs 3. a ceeee 9-133 53 3290 Baly-Ramsay, 1894 
INT tROSen ext. te 0-20 100.2 36754 |Chappuis, 1903 
Nitrogen..... Sa 0- 100 100.2 36744 |Chappuis, 1903 
Oxvisene ye Cir awe 0) (Mei 3673 Leduc, 1912 
ORVECN Eos oh. dates we 0-100 76. 3672 Leduc, 1912 
Oxyrenme eo ae 11-132 .007 4161 Baly-Ramsay, 1894 
Oy els seit iasceennse 9-132 .25 3984 Baly-Ramsay, 1894 
( ORentcat ey ata poe eee Ce 11-132 51 3831 Baly-Ramsay, 1894 
OR VEC pabtes tars Dida Peace 9 36683 *‘|Meleander, 1891 
Oley Petes eee ee ee en 18.5 36690 |Meleander, 1891 
INTELOUSONIGC sss big. oo. oe 76. 3676 Regnault, 1842 
Sulphur dioxide, SOz..| ..... eases 3845 Regnault, 1842 
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OF GAS VOLUME 


VALUES OF “(1+ at) FOR TEMPERATURES FROM 0 TO 120° C. 


0 


1. 
1.0367 
1.0734 
1.1101 
1.1468 
1.1835 
i 
1 
1 
1 
1 
1 


0000 


2202 


. 2569 
. 2936 
3303 
3670 
4037 
i. 


4404 


REDUCTION 
Tele ao) 3 

1.0037} 1.0073] 1.0110 
1.0404] 1.0440} 1.0477 
1.0771 1.0807] 1.0844 
1.1138] 1.11741 1.1211 
1.1505] 1.1541) 1.1578 
1.1872] 1.1908] 1.1945 
1.2239] 1.2275] 1.2312 
1.2606] 1.2642] 1.2679 
1.2973] 1.3009] 1.3046 
1.3340] 1.3376] 1.3413 
1.3707| 1.3743] 1.3780 
1.4074] 1.4110] 1.4147 


4 


1 
1 
1 
1 
1 
Le 
1 
1 
1 
1 
1 
1 


0147 
0514 
0881 
. 1248 
1615 
1982 
2349 
.2716 
. 3083 
8450 
3817 
4184 


ee ek ek et et 


6 ig 
1.0220} 1.0257 
1.0587} 1.0624 
1.0954; 1.0991 
1.1321} 1.1358 
1.1688) 1.1725 
1.2055} 1.2092 
1.2422) 1.2459 
1.2789) 1.2826 
1.3156} 1.3193 
1.3523] 1.3560 
1.3890} 1.3927 
1.4257} 1.4294 


VaturEs OF H/760 ror PRESSURES FROM 700 TO 780 MM. 


770 
780 


including Calendar and Blonsfield, 1912; 


1 
«0.9224 
0.9355 
0.9487 
0.9618 
0.9750 
0.9882 
1.0013 
1.0145 


0. 


2 
9237 


0.9368 


0. 
0. 


9500 
9632 


0.9763 
0.9895 


ite 
i 


0026 
0158 


3 


0.9250 
0.9382 
0.9513 
0.9645 
0.9776 
0.9908 
1.0039 
1.0171 


4 


0.9263 
0.9395 
0.9526 
0.9658 
0.9789 
0.9921 


1 
1 


.G053 
0184 


5 


0.9276 
0.9408 
0.9539 
0.9671 
0.9803 
0.9934 
1.0066 
1.0197 


6 
0.9289 
0.9421 
0.9553 
0.9684 
0.9816 
0.9947 
1.0079 
1.0211 


7 


0.9303 
0.9434 
0.9566 
0.9697 
0.9829 
0.9961 
1.0092 
1.0224 


8 9 

1.0294; 1.0330 
1.0661} 1.0697 
1.1028} 1.1064 
1.1395] 1.1431 
1.1762] 1.1798 
1.2129) 1.2165 
1.2496) 1.2532 
1.2863} 1.2899 
1.3230) 1.3266 
1.3597) 1.3633 
1.3964} 1.4000 
1.4331} 1.4367 


or MeErcury. 


8 


0.9316 
0.9447 
0.9579 
0.9711 
0.9842 
0.9974 
1.0105 
1.0237 


SPECIFIC HEAT OF WATER AND MERCURY 


Values for water from 0—100° C. are the mean of various determinations 


recomputed by Guillaume, 1912. 
Values for mercury 0-80° C. due to Barnes and Cooke; 90—-140°, mean 


of Winkelmann, Naccari and Milthaler; 


and Milthaler. 


_———— |_| | | 


Specific heat in normal calories (15° C.). 


ee OOOCCQOOCCOR Kee 
do) 
ve) 
=I 
a 
Ww 


Mercury 


.03346 
.03340 
.03335 
.03330 
.03325 
.03320 
.03316 
.03312 
.03308 


.03300 
03294 
03289 


Temp. 
° 


oS 


Water. 


.00329 
.00433 
.00534 
.00645 
.0116 
.0144 
.0174 
.0206 
.0240 
.0275 
.0313 
.0353 
.0395 
.0439 


pat ph fk ee ek ee ep ek et et et 


.00239 


above 100, Regnault’s values 


above 140°, mean of Naccari 


Mercury. 


.03284 
.03277 


.03269 
.03262 
.03255 
.03248 
.03241 
.0324 


0322 
0320 


156 


HANDBOOK OF CHEMISTRY AND PHYSICS 
SPECIFIC HEAT OF CHEMICAL ELEMENTS 


Values given in calories per gram 
2 (Principally from Smithsonian Tables.) 


Element. 


AlUMInvM ss. So. 
AVI, 5 ES 
Pu upanabe enc ce pearae are 
FAV ay b6h5 15 ee 
- Antimony 
Antimony 
Antimony 
Arsenic, gray 
black... 


a0 e, ey oe eye 
Sorel ere) 16,6, See 
e ee ee e 8 


Pea vem ae Yee 


o) 6.06) eo Bi e-0 © 
SOS CD yee 


eo 6 © 8 © eee 


Carbon graphite... . 
Carbon graphite. . . 
Carbon diamond. . 
Carbon diamond. . 


Chromium. 45.0... : 


Cobalt 


Ze” Joe) (e) <euser (6h ey 6) ie 


eos ee ee ee ee ow we 


aye) edt io) aitiey 6) esion .s 


MEGue Gs 7.26 5 


LOTad sa 47 02 iy ae aa eae 
Magnesium....... 
Manganese 
Mercury 
Nickel 


ie) oe e 


ee apne 8 hy ie. eye 


Pia See Ge) Ae ti | (6, be YS 


Temp. ° C. |Sp. heat. 


250 


15-100 


—233)0. 


0165 


. 2382 
.2739 
weet 
.0489 
.0503 
.0520 
0822 
.O861 
.0301 
.0309 
.0302 
107 
.0514 
.0560 
.Q551 
. 1520 
.170 
. 160 
.467 
113 
.459 
ad 2 
. 1030 
.0031 
.029 
.059 
.0912 
.0942 
.0963 
.0931 
.033 


.0316 
.0323 
.1189 
.1152 
.1146 
0299 
.0311 
.03096 
.9063 
. 2492 
. 1072 
.03346 
. 109 


Nernst, 1911 


Observer. 


Bontschew 

Bontschew 

Schimpf, 1910 

Naccari, 1887-88 

Naccari, 1887-88 

Naccari, 1887-88 

Wigand, 1907 

Wigand, 1907 

Lorenz, 1881 

Lorenz, 1881 

Stiicker, 1905 

Andrews, 1848 [1910 

Richards & Jackson, 

Kahlbaum & Roth,1902 

Naccari, 1887-88 

Bernini, 1907 

Bunsen, 1887 

Weber, 1875 

Weber, 1875 

Weber, 1875 

Weber, 1875 

Adler, 1903 

Tilden, 1903 

Nernst, 1911 

Nernst, 1911 

Nernst, 1911 

Gaede, 1902 

Naccari, 1887-88 

Naceari, 1887-88 

Bartoli & Stracciatil895 

Nordmeyer-Bernouli, 
1907, 1908 

Violle, 1887, 1878 

Behn, 1898, 1900 

Schmitz, 1903 

Nichol, 1881 

Hill, 1901 

Naccari, 1887-88 

Naccari, 1887-88 

Magnus, 1910 

Laemmel, 1905 

Sticker, 1905 

Laemmel, 1905 

Barnes-Cooke, 1903 

Behn, 1898-1900 


- 
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SPECIFIC HEAT OF CHEMICAL ELEMENTS (Cont.) 


Values given in calories per gram. 


Element. 


Phosphorus, red... 
yellow. .c25..2. 


Sulphur, rhombic. . 
monoclinic...... 
Sih EL CRE foe See 
abanmmli.. srs 
Tunesten. 2. c.ce8 


Temp. ° C. | Sp. heat. 
0-510. 
. 202 
.0293 
.03823 
.0356 
.0580 
.0559 
.0581 
.1728 
. 1809 
90551 
SEt25 
.0336 
.028 
.1153 
.0935 
. 1040 


1829 


Observer. 


Wiegand, 1906 
Wiegand, 1906 
Behn, 1898-1900 
Violle, 1878 

White, 1909 
Regnault, 1840-1861 
Bunsen, 1870-1887 
Tilden, 1900-1903 
Wiegand, 1906 
Wiegand, 1906 
Spring, 1886-1895 
Nilson-Pettersson, 1887 
Mache, 1897 
Bliimceke, 1885 
Mache, 1897 
Bunsen, 1870-1887 
Naccari, 1887-88 
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BOILING-POINT OF WATER* 


(Hydrogen Scale) 


Tenths of millimeters 


Pressure 
eg 0 ae sae aa 4 ela.) a hae Wels 

700 OF, A4A Le i222 7256 729: 78S. Cok ofAL hb T4551 8749 
701 TOS MtOkde (Ol | oO5, |) 769 (Eko TELAT ileesl a boardctasa || pack) 
702 792 | 796 | 800°} 804 | 808 812 | 816 | 820 | 824 | 828 
703 832 | 836 | 840 | 844 | 847 851 | 855 | 859 | 863. | 867 
704 871 | 875 | 879 | 883 | 887 891 | 895 | 899 | 902 | 906 
705 97.910 | 914 | 918 | 922 | 926 930 | 934 | 988 | 942 | 946 
706 949 | 953 | 957 | 961 | 965 969 | 973 | 977 | 981 | 985 
707 989 | 993 | 996 |*000 |*004 *008 |*012 |*016 |*020 |*024 
708 98.028 | 032 | 036 | 040 | 043 047 | 051 | 055 | 059 | 063 
709 067 | 071 | 075 | 079 | 082 086 | 090 | 094 | 098 | 102 
710 98.106 | 110 | 114 |} 118 | 121. 12) ek 2O MeO 3 ols 7 
7alee 145 1149" |Sat53-)| 15e: ). 160 L64 168. bz 176 | 180 
2 184 | 188 | 192 |} 195 | 199 DOS QOG ele So e119, 
Tiles 223 W227 le 2a0- | 234 1) 238 242 +) 246 2505) 254. 12258 
714 ZOLS 265 1-269 2038 27.0 281 | 285 | 289 | 292 | 296 
715 98.300 | .304 | 308 | 312 | 316 S20) W820 [sal tao IeaoD 
716 3389 | 343 | 347 | 351 | 355 358 |. 362 4) :366-|. 370''| 374 
re¥6 378 | 382 | 385 | 389 | 393 397 | 401 | 405 | 409 | 412 
718 416 | 420 | 424 | 428 | 432 436_| 440 | 443 | 447 | 451 
719 455 | 459 | 463 | 467 | 470 474 | 478 | 482 | 486 | 490 
720 98.493 | 497 | 501 | 505 | 509 5S 5l7 1-520 | 5241-528 
7M 532 | 536 | 540 | 544 | 547 DOL |Soup HOO Doo. pROGd 
“22 570 | 574 | 578 | 582 | 586 590 | 593 | 597 | 601 | 605 
723 609 | 613 | 617 | 620 | 624 628 | 632 | 636 | 640 | 643 
724 647 | 651 | 65& | 659 | 662 666 | 670 | 674 | 678 | 682 
(5) 98.686 | 689 | 693 | 697 | 701 705, | 709 |. 712 |. 716-| 720 
726 TEE NZS W432). |e 035, |) 739 VAGINA eho Lea oDe tt Gos 
LOX 762 | 766.) 770 | ~V74) | 777 Tot Ne GSO MESO 98 se 197 
728 800 | 804 | 808 | 812 | 816 819 | 823 | .827 | 831 | 835 
729 838 | 842 | 846 | 850 | 854 858 | 861 | 865 | 869 | 873 
730 98.877 | 880 | 884 | 888 | 892 896. | 899 | 903 | 907 | 911 
col 915 | 918 | 922 | 926 | 930 934 | 937 | 941 | 945 | 949 
732 953 | 956 | 960 | 964 |; 968 972 | 975 | 979 | 983 | 987 
33 991 | 994 | 998 |*002 |*006 *O10 |*013 |*017 |*021 |*025 
734 99.029 | 032 | 036 | 040 | 044 048 | 051 | 055 | 059 | 063 
hoo 99.067 | 070 | 074 | 078 | 082 085 | 089 | 093 | 097 | 101 
736 £042 108-2 E16.) EEO L255 Ed Ao 135.) 138 
737 4 AAG cil dO\) hb Sr WW EST NGL | 65 ael692 |. U7 2aeksG 
738 180 | 184 | 187 | 191 | 195 199 | 203° | 206 | 210 | 214 
739 QU a2 2h 225 [52294 233 236 | 240 | 244 | 248 | 252 
740 99.2255 | 259 19263 | 267 | 270 BTA Ni 2S \2282|) 28h 1e2s9 
741 293 | 297 | 300 | 304 | 308 Sl2nSlGoh SlOulsozo tock 
742 SOL loot | 338-|\- 342°) 346 S49 S53 Sor ook ioos 
743 368 | 372 | 376 | 379 | 383 387 | 391 | 394 | 398 | 402 
744 406 | 409 | 413 | 417 | 421 424 | 428 |} 482 | 436 | 439 
745 99.443 | 447 | 451 | 454 | 458 462 | 466 | 469 | 473 |-477 
746 481 | 484 | 488 | 492 | 495 499 | 503 | 507 | 510 | 514 
747 SUS web 22 hes 25. 1529" | 533 5387 | 540 | 544°|.548 | 551 
748 555-1559 .563. 1566 1) 520. 574 | 578 |°581 | 585 | 589 

592 | 596 ;} 600 ! 604 ! 607 611 | 615 | 619 | 622 | 626 


* e 
* See also under Vapor Tension. 
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BOILING-POINT OF WATER (Continued) 


(Hydrogen Scale) 


Tenths of millimeters 


Pressure 
0k 0 ed Fae es 4 Se ee} 

750 99.630 | 633 | 637 | 641 | 645 648 | 652 
(aM 667 | 671 | 674 | 678 | 682 686 | 689 
(isy? 704 |) 708 } 712 715 | 749 (Za leateo 
753 741 | -745- 749 1-752.) 756 760 | 764 
754 778 | 782 | 786 | 790 | 793 797 | 801 
730 99.815 |. 819 | 823 | 827 | 830 834 | 838 
756 852 | 856 | 860 | 863 | 867 871 | 875 
757 889 | 893 | 897 | 900 | 904 908 | 911 
758 926 | 930 | 934 | 937 | 941 945 | 948 
759 963 | 967 | 970 | 974 | 978 982 | 985 
760 100.000 | 004 | 007 | O11 | O15 018 | 022 
761 037 | 040 + 044 | 048 | 052 055 | 059 
762 074 | 077 | 081 | 085 | 088 092 | 096 
763 Ot 1 4 patio Sia Pee ae 129 sz 
764 147 | 151 | 154 | 158.) 462 165 | 169 
765 100.184 | 187 | 191 | 195 | 198 202 | 206 
766 F220 F224. 227 || SS 235. 238 | 242 
767 F257 260: 12264 | 2683) 2271 275 | 279 
768 293 | 297 | 300 | 304 | 308 Bika Ss 15. 
769 330 | 333 | 337,| 341 | 344 348 | 352 
770 100.366 | 870 | 373 | 377° | 381 384 | 388 
771 403 | 406 | 410 | 414 | 417 421 | 424 
(Le? 439 | 442 | 446 | 450 | 453 457 | 461 
773 475 | 479 | 483 | 486 | 490 493 | 497 
774 511) 515 | 519 | 522°) 526 530 } 533 
HES: 100.548 | 551 | 555 | 559 | 562 566 | 569 
776 584 | 588 | 591 | 595 | 598 602 | 606 
Cia 620 | 624 | 627 | 6381 | 634 638 | 642 
778 656 | 660 | 663 | 667 | 671 674 | 678 
779 692 | 696 | 689 | 703 | 707 710°) 714 
780 100.728 | 732°) 735 | 739 | 7438 746 | 750 
781 764. 768:4 77¢2 | 77541 79 782 | 786 
782 800 / 804 | 807 | 811 | 815 818 | 822 
783 836 | 840 | 843 | 847 | 851 854 | 858 
784 872 | 876 | 879 | 883 | 886 890 | 894 
785 100.908 | 912 | 915 | 919 | 922 926 | 929 
786 944 | 947 | 951 | 954 | 958 962 | 965 
787 979 | 983 | 987 | 990 | 994 997 |*001 
788 101.015 | 019 | 022 | 026 | 029 033 | 037 
789 051 | 054 | 058 | 062 | 065 069 | 072 
790 101.087 | 090 | 094 | 097 | 101 104 | 108 
791 122 VP AZE (029 | BSS TSS 140 | 144 
792 158 | 161 | 165 | 168.| 172 176 | 179 
793 193 | 197 | 200 | 204 | 207 OMe a es Bs | 
794 DOG Fh 232A We2SE | -289n, 1 2as 246 | 250 
795 101.264 | 2684) 271 12275) n27s 282 | 286 
796 300 | 303 | 307 | 310 | 314 Sd aoe 
797 335 | 3389 | 342 | 346 | 349 Soa eoOG 
798 S(O NN SC4 MOLE 1oOolt teen 388 | 392 
799 406 | 409 | 413 | 416 | 420 423 | 427 
800 VOU ead: Wo SL ere loa ees erates see 


HANDBOOK OF CHEMISTRY AND PHYSICS 


SPECIFIC HEAT: OF VARIOUS SOLIDS 


Values given in calories per gram. 
i 


Substance. Temp. ° C. Sp. heat. Observer. 
Alloys, bell metal..| 15-98 0.0858 Regnault 
brass, red... ...* 0 ~ .08991 | Lorenz 
brass, yellow.... 0 .08831 | Lorenz 
German silver.. . 0-100 .09464 | Tomlinson 
URSDESLOS.. . ... ) 2 20-98 .195 Ulrich 
| SS fee a 20-100 20 Mean 
Calcapar. 2-2 27 Jf". 0-100 . 2005 Lindner 
Carborundum.. . .. 3-44 .162 
Sperimse Ory.) [oases ks Ol Mean 
Cement, powder...| 200-10 20 
Oma ie ES 20-99 .214 Regnault 
Chareog ho... 10 .16 Weber, 1875 
Clay drys... iss. 20-100 W222 Mean 
Ebonties.. 200). 20-100 40. Louguinine, 1882 
Glass, normal ther- 
mometer.....} 19-100 — ,1988 Wachsmuth 
VOW Mets oh os 10-50 .161 KH. Meyer 
UO, fo ce a 10-50 aE, H. Meyer 
Geea te? Seu erie - 12-100 . 192 Joly 
LS Ae rn — 200 168 | Nernst, 1910 
—180 .199 Nernst, 1910 
—160 230 Nernst, 1910 
—140 D4 ay Nernst, 1910 
—100 .825 Nernst, 1910 
— 60 Foon Nernst, 1910 
— 20 .480 Nernst, 1910 
— 10 .530 Nernst, 1910 
India rubber (Para) ?-100 .481 Gee and Terry 
Wa Obl yon dd a ws ce 36 
Wh) Cl. an 0-100 at 
Nirca CMe yee. 20-98 . 2061 Ulrich 
eA awe fc tack 0-20 .6939 R. W. Weber 
Porceiaim. 65S. 15-950 .26 Harker, 1905 
Qmarin eee. 12-100 .188 Joly 
Mockasalt.. i... 4. - 13-45 219. Kopp © 
SOPGN oa 20 .274 Hess, 1888 
Wiileanite.. sro: 20-100 3312 A. M. Mayer 
Vi Gtevt se ete Ce eile ety aera 42 
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SPECIFIC HEAT OF VARIOUS LIQUIDS — 


Liquid. Temp. ° C. | Sp. heat. Observer. 


Acetic acid. ..:... 20 0.472 | Schiff, 1886 
Aeetanel: i. 5 0 .506 | Regnault, 1862 
Alcohol, ethyl..... 0 .548 | Regnault 
GEV. aisha fe 40 .648 | Regnault 
MOLDY idan et . 5-10 .590 | Regnault 
macth yids inet soi 15-20 .601 | Regnault 
Amyl acetate. .... 20 .459 | Schiff, 1880 
Benzol, CSS... .): 10 .340 | de Heen & Deruyts 
Benzols: fen oe as 40 .423 | de Heen & Deruyts 
Carbon bisulphide. 30 .240 | Regnault 
Ublorotoriaz se «745 0 .232 | Regnault 
Ethy! ether. <i. ss 0 .529 | Regnault 
Givceritie. oq2: Ts... 15-50 .576 | Emo 
Oils; olive acces. 6.6 471 
turpentine...... 0 .411 | Regnault 


Petroléam...-.. 21-58 .511 | Pagliani 


SPECIFIC HEAT AQUEOUS SOLUTIONS 


APPROXIMATE VALUES 


Parts by weight in 100 parts of 


solution. 
Substance. 
5 : 10 ¢ 20 

Aciazhydrochlorie.... see... .93 oe 2 

INCE. oe te Rae hee .95 .90 .82 

SGlphurics 2 tre (See .95 92 .84 
Alcohol uethyls <n 2. ewe a3 1.02 1.03 1.05 
ANUODN ooo ate Sle. eae .998 .99 
Carbonate sodium......... .93 .89 
Chioride ealertum J. ...53-. 22 .94 

SOG be ee ot See .94 .89 81 
Hydrate potassium........ .93 87 

SOG MIT... 3 ow er ek .94 91 .86 
SHIGA 1/42 eee ae ae .97 94 89 
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SPECIFIC HEAT OF GASES 


_Giving the specific heat of gases at constant pressure in calories pet 
gram and the ratio of the specific heat at constant pressure to that at con- 


stant volume. 


Values are for atmospheric pressure. 


(Selected from Smithsonian Tables.) 


Gas or vapor. 


Carbon dioxide..... 
Carbon monoxide... 


Carbon disluphide. . 
Chorney Seco... 
<THGLOLOFHL. 2 6 2 © 
LASS ye Se 


Hydrochloric acid. . 


Hydrogen......... 
Hydrogen sulphide. . 
Methane. ....... ory 
Nitrogen. 5 2. 3s 
Nitric oxide... . 35: 
Nitrous oxide. i. 0. 
ORV Renesas A 


Sulphur dioxide. . 


Water vapor....... 


Water vapor.... 
Water vapor... 


Specific heat at con- 


stant pressure. 


Temp. | gp. ht. | Obs.*| TS™P- 


*A Austin 
B Beyme 
C Cazin 
D Dittenberger 
J Jaeger 


L Low 
Mr Muller 


we) 
fs 
— 
bt 
_ 


Ratio of specific heats. 


Ratio 


N Niemeyer 
P Pagliani 
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Cp/Cv Obs. * 

.3468} W 

2o74| “eC 

523575) BR 

2429} A 

245347 KR. 7153 js 5 Be 
.5202| W 0 1.3172} Wr 
aa Zool 0 1.667 | N 
.2990| W_ {20 1.403-1-P 
.0555| R|20-888]1.298 | S 
. 2025) R 

2425) W 0 1.403 | Wr 
. 1596} R 3 Or) [Le 200 fe 
1241} R_ |20-840/1.823 | S 
1441} W |22-78 |1.102 | B 
4280} W_ {12-20 |1.024 | L 
.1940) S 20 1.389 | S 
.4090| R 
.2451] R {10-40 |1.276 | Mr 
.5929| R _ {11-30 |1.316 | Mr 
. 2438] R pa Gee ee y | C 
os iG ae 3 

22202) Fe 0 Pshinicwe 
ECO be 5-14 |1.3977| L-P 
1544 R 116-34 |1.256 | Mr 
G55 Ts 1274-8 
42iein F094 1.33 J 
Ol fh 

R Regnault 
L—-P Iummer & Pringsheim S Strecker 
T Thiesen 
W Wiedemann 
Wr. Wiillner 
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MELTING AND BOILING TEMPERATURES © 
Temperature of Fusion for Various Substances for Atmospheric 


Pressure 


' For the melting- and boiling-points of the chemical elements and of 
inorganic compounds, see under Physical Constants of the Elements, 
page 15, and Physical Constants of Inorganic Compounds, page 21. 


Substance. gest Oy Be Substance. 
Acetylene..... —81 German silver. . 
Alcohol, ethyl. . —130. trlase oo. 
BrHSSs. ce Soi 900. Glycerine...... 
Buthetes. cnt oe 31-31 .5 Olrve-ols 3235) 
Caingnor...7 Wee 7 Paratii, aaons es 
Caoutchouc, TROSUNA A ceca 

pure gum.... 120. Sea water..... 
Chloroform... . —63.2 Sugar (cane)... 


Ft here wes. ase —1178 


Temp. a fusion 


Boiling-point for Various Substances 
Giving the boiling-point at atmospheric pressure and the variation per 


cm. pressure near 76 cm, 


Substance. ‘Temp, ° C. 
ACOLODG- Si tlehie lek y «ae rere We 
Acetyienet fess See, ee at —72.2 
Alcohpifetiyd <4 25. eee 78.3 
methyl | Ag iy Geeee oD Open OD how ain Ooo: 64.7 
Amy lyacetate 55 siren ae. hee 148. 
Benzenehe. 4. ho@ti. kn sat 80. 
Coprahoresi: seit cee 205. 
Chisrototm? (is s) sedate Oleg 
Ethene. ails belek Mee ee 34.6 
Gasoline? a i o3. sk oe: (ee 70-90 
CiPEMOGr Ne bt 0G trcseote et 291. 
me UURpentine iG. te: Ghee 159. 


Variation. 


0.39 


0.34 
0.35 


0.43 
0.56 
0.41 
0.40 


MELTING POINT OF ICE—VARIATION WITH PRESSURE 


(From Tamann, 1900, by permission.) 


Teibeure dn Ke, ) tot * Ge a ae eee 
1 ; 0.0 1410 
336 — 2.5 1625 
615 — 5.0 1835 
890 — 7.5 2042 
ah oy —10.0 2200 


Temp. ° C. 


=1255 
Joga 
ATES 
—20.0 
—22.1 
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FREEZING MIXTURES 


A is the proportion of the substance named in the first column to be 
added to the proportion of the substance given in column B. The table 
gives the temperature of the separate ingredients and the temperature 
attained by the mixture. 


(From Smithsonian Tables.) 


ae Temp, °C. 
Substance. A B Tene stan 
: ‘| by mixt. 
NaC2H3O2 (cryst.).... 85 H.O 100 10.7 Vee 
INO ik, Ome ares 30 | HO 100 13.354 “=n 
TRU TS Vea tee gan ena 75 | H,O 100 13.25 S428 
A (cryst.) ea tehe 110 H,O 100 LO 27 —° 8-0 
<A SERRE ee ahr Dy 140 | H:O 100 10.32) = Fie, 
tack CoS CR ee eae 250 1° EO “100 10.8 | —12.4 - 
INES ei fen ee 60 | H:.O 100 13 .6°|.—¥3.6 
(aC Ng ae he eas ew We aie 30 |* Snow 100 — | —10.9 
INGEN be oni eo seas 2 25 | Snow 100 — 1 —15.4 
IN) sc Ata oeaeue a ote 45 | Snow 100 — 1° —16.75 
WANs ee Fe 50 | Snow 100 — j —17.75 
eee a AI re, 33 | Snow 100 — ] o1- 2 
1 | Snow 1.097} — 1 —37.0 
H.SO, +H,.O RTs pails Sie =. ; cow es ah ; ce : 
(66 ok %H2SO,) Ly ore : ; : 
¢ 1 Snow..7..92'|.— 2 —20.0 
1 Snow 13.08} — 1 —16.0 
1 | Snow .49 0 —19.7 
1 Snow .61 0 —39.0 
1 Snow .70 0 —54.9 
CaCl -+-6H20. 2. 62... 1 | Snow .81 0 —40.3 
1 Snow 1.23 0) —21.5 
1 Snow 2.46 0 — 030 
1 ate 92 0 — 4.0 
: ree now 73 0 —30.0 
Alcohol at 4°........ i COs solide eee 72.0 
OMIGFOIOLM oc se Fs i Re COssolitdh, =4 Sq bees —77.0 
A WOR ih. ts ele er see GOs solids <4 cs 52: —77.0 
Wquid SOs see ae ea COs solids +)" aves —82.0 
ee HO. 294 20 — 4.0 
| 1 So Si 0 — 4.0 
1 2 .20 10 —14.0 
NEANO: is whe eee j 1 Ga amet an 0 SpE 
al AG ee ea 10 —17.5 
aa Snow 1.31 0 —17.5 


* Or finely pulverized ice. 
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HEAT EQUIVALENT OF FUSION 


The table gives the heat equivalent in calories per gram at the temperature 
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Observer, 


Glaser 
Massol 
Mean 
Regnault 
Person 
Person 
Person 
Mean 
Grumer 
Grumer 
Grumer 
Favre & Silbermann 
Regnault 
Bunsen 
Petterson 
Rudberg 
Person 
Pickering 


Pionchon: 
Violle 
Petterson 
Violle 
Joannis 
Person 
Petterson 
Batelli 
Person 
Joannis 
Joannis 
Joannis 
Batelli 
Person 
Mean 
Mean 
Mean 


of fusion. ; 
(From Smithsonian Tables.) 
Substance. Renrpy °C. cals 

PoaAMmuUm, ..... 2s". 658. 76.8 
PAIRHORAS © «2k eos « —75. 108. 
Reman... 2 Ed. 5.4 30.6 
PPOMie..yc. oe oe. —7.3 1672 
Piet. oe 268. 12.64 
Cadmium..." S2057 13.66 
Calcium chloride. ... 28.5 40.7 
Wanner oor 262 S. 1083 42. 
tree eEdy CAS Me! Saks S. 23: 

white cast........ Ban 

Perret hha Samy Cy 50. 
Pore OS SP hy era 
fee eS 0 79.24 
Oa ae a AES 0 80.02 
Ice from sea water —8.7 54.0 
Pier ote ses cer A t oor 5.86 
RR TeECULY.. «so FS, —39 2.82 
Naphthalene........ 79.87 | 35.62 
pai) i 1435 4.64 
Pamagium, 5.3. 1545 36.3 
Phosphorus......... 44.2 4.97 
Pintimum. oe: £755 hoses 
Pesasconii. 220934552", iy: Lon @ 
Potassium nitrate...| 333.5 48.9 
Peete... ee: 20-O | 2495 
Prith se eck es 1 eae. (ag eps tage! 
SUSE kg i ee 961 2IOF 
he dis 6! | pee ae 97 SET 
Sodium nitrate...... 305.8 64.87 

phosphate... ....<. 36.1 | 66.8 
epermacetr .. 2. i).'2'. 43.9 36.98 
PU ee es E, 115 9.37 
SUM ees tot rete sy 232 14.0 
Wax (Bées') 2. 2. 61.8 42.3 
Pi oe see SS, 419 238/413 


HANDBOOK OF CHEMISTRY AND PHYSICS 
HEAT EQUIVALENT OF VAPORIZATION 


The table gives the heat equivalent (or latent heat) of vaporization in 
ealories per gram, at the temperature of ebullition, and at the pressure 


of the vapor for that temperature. 


(Principally from the Smithsonian Tables.) 


Substance. Temp. °C 
A CBLIC AOIN Sic Lis* 
tr rts arr Aes esl ee es 
Aleohol: amyl ch.2 53 ter 
ChHVL. coat) ay Oe pene |i: 
tay etait ada be 0 
THETAVI.*. Viewers 64.5* 
methyl... apoews s 0 
AMMONIA... eee | 7.8 
AmmMoniag <0 inex st 11 
AMMONIA: 4 s+ Gee. 16 
Ammonia, >. oisisise} abe 
Benzene. 4.254 ae S071 
Bromilie:.<.catines 2 61* 
Carbon dioxide, liq. .}— 25 
Carbon dioxide, liq. . 0 
Carbon dioxide, liq. . 12.35 
Carbon dioxide, liq. . 22.04 
Carbon dioxide, liq. . 29.85 
Carbon dioxide, liq. . 30.82 
Carbon disulphide. . . 46.1* 
Carbon disulphide. . . 0 
Chloroform... :atnnt 60.9* 
Mithenc ors. Aerwieh ees 34.5* 
Pirner ee... pees’ 34.9 
UDEr Veen «ek Creee 0 
Podinee= 2. are 184* 
Mercury. cet ae es 357* 
Nitrogen! a5. 37M) —195.6* 
Oxy eens iii, tots betes —182.9* 
Sulphur dioxide. .... 0 
Sulphur dioxide..... 30 
Sulphur dioxide. .... 65 
‘Purpentine. .*Afiess 159.3 
WiStere. a te cee 100 
Water. 4.25 eee 0 
Wateris. 770. baer 20 
Waterco een 40 
Watercssn cea ee 60 
(WéSLel oe eases eee 80 
WROD Ee rent ies ee 100* 
Waiters Seno aaa 120 
Water. ack eee 140 
Waterss tcks eeaees tee 160 
Wate of tee ree eee. 180 


496. 
482. 


oN oO 
~J 


NOOWIROSCOWOWOOR 


.65 


ne 


Observer. 


Ogier 
Fenner-Richtmyer 
Schall Z 
Wirtz 

Regnault 

Wirtz 

Ramsay & Young 
Regnault 

Regnault 

Regnault 

Regnault 

Wirtz 

Andrews 

Cailletet & Mathias 
Cailletet & Mathias 
Mathias 

Mathias 

Mathias 

Mathias 

Wirtz 

Regnault 

Wirtz 

Wirtz 

Andrews 

Regnault 

Favre & Silbermann 
Mean 


Cailletet & Mathias 
Cailletet & Mathias 
Cailletet & Mathias 
Brix 

Andrews 

Dieterici, 1889 | 
Smith, 1908 
Henning, 1909 
Henning, 1909 
Henning, 1909 
Henning, 1909 
Henning, 1909 
Henning, 1909 
Henning, 1909 
Henning, 1909 


Temperature values marked * are those of normal ebullition, at 76 


cm. pressure, 
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CHANGE IN VOLUME DUE TO FUSION 


The table gives the variation in volume expressed in c.cm. for one gram 
of the substance. 


Substance. Variation, cm. Observer. ~* 
Aluminum..... +0.019 Toepler, 1894 
Bismuth)... /.. —0.0034 Toepler, 1894 
Cadmium..... +0 .0064 Toepler, 1894 
COU EP yc. 6 ss —0.0085 Wrightson, Roberts, 1881 
COT tor ri +0.0034 Toepler, 1894 
2 Wit 9 +0.0039 Toepler, 1894 
Weiter os. > —0.083* Toepler, 1894 
D8 Se teat a te +0.0105 Toepler, 1894 


*For one cubic centimeter. 


FIXED POINTS FOR HIGH TEMPERATURES 


Temperatures are for 76 cm. pressure. 


Variation per 
Substance. Boiling-point ° C.| em. pressure, 
POE SOLVING £3 8. Vn des 78.26 0.34 
Toon ee a ee ore ee ee 184. Weep 
LL ELSES 8 SO) SI a VA ae 80. 0.43 
Chloro benzene........ hs el Ret 132 0.50 
Pipmenyiamime. 2... a. ee 302. 
LGC a) Ce ae ee ee 356. 
PA BNONAMNIOW. i .. . eee lets 218. 0.59 
CSUN ei ieee ee a 445.2 
MAMIE OTR... Sas est! | 199.7 0.58 
peoueomes” Wasir. 6 sa. oboe Beek 109.2 0.45 
Oe rk ee Rs ede oe 100 OVa7 
oh SITES SS Ce an 138.8 0.50 
So OSes SL 0) nie mets ree ear 930 
Substance. Sao point Substance. Ae point 
Aluminum..... 657 Plate. 4. 2% 1775 
Coppetens A605 1084 Sodium chloride . 800 
CON toe 9 sk 1064 TEARS oe * a eet Lae 
INACKER, 2 2 ok 1427 AU St ee ames 419 
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VAPOR TENSION OF WATER 
TENSION oF AQuEous Vapor, —30 To 0° C., Over WATER 
The tension is given in millimeters of mereury at 0° C. 


(From International Bureau of Weights and Measures.) 


pene 3, 020%, 0.2 0.4 0.6 0.8 
—30 | 0.3805 

—29 | 0.4185 | 0.4106 | 0.4028 | 0.3952 | 0.3878 
—28 | 0.4598 | 0.4512 | 0.4428 | 0.4346 | 0.4265 
—27 | 0.5047 | 0.4954 | 0.4862 | 0.4772 | 0.4684 
—26 | 0.5535 | 0.5433 | 0.5333 | 0.5236 | 0.5141 
—25 | 0.6064 | 0.5955 | 0.5847 | 0.5741 | 0.5637 
—24 | 0.6637 | 0.6518 | 0.6402 | 0.6288 | 0.6175 
—23 | 0.7258 | 0.7130 | 0.7003 | 0.6879 | 0.6757 
—22 | 0.7930 | 0.7792 |: 0.7655 | 0.7520 | 0.73888 
—21 | 0.8656 | 0.8506 | 0.8359 | 0.8214 | 0.8071 
—20 | 0.9441 | 0.9279 | 0.9120 | 0.8963 | 0.8808. 
—19 | 1.0288 | 1.0114 | 0.9941 | 0.9772 | 0.9605 
—18 | 1.1202 | 1.1013 | 1.0828 | 1.0646 | 1.0465 
S17 2187 1 19985 |) 121785) ee eee 
—16 | 1.3248 | 1.3030 | 1.2814 | 1.2602 | 1.2393 
—15'| 1.4890 | 1:4155..) 1.3024 | 1.360bejsiaae@ 
—14 | 1.5618, | 1.5366 -| (1.5117 } 1.4872 | 44629 
—13 | 1.6939 | 1.6667 | 1.6399 | 1.6185 | 1.5874 
= 12 4). 18857 © [21 8065) 1) 167 776s A i408 lve es 
—11 | 1.9880 | 1.9567 | 1.9258 | 1.8953 | 1.8653 
—10 | 2.1514 | 2.1178 | 2.0847 | 2.0520 | 2.0198 
= 9'| 2.3266 | 2.2005 |. 2.2850 | 2 2190) a aliees 
—g| 2.5143 | 2.4758 | 2.43878 | 2.4002 | 2.3632 
— 7 |.2.7153 | 2.6740 | °2.6332~ |. 2-5980 -|2 boat 
— 6| 2.9304 | 2.8863 | 2.8427 | 2.7997 | 2.7572 
—.5 | 3.1605 8.1182 "| 330665 | 3 0205. eit 
— 4] 3.4065 | 3.3560 | 3.3062 | 3.2570 | 3.2084 
— 3] 3.6693 | 3.6153 | 3.5620 | 3.5095 | 3.4576 
— 2'| 3.9409..1: -8,8928u") (328355 4) 377 (ote (aan 
—1| 4.2493 | 4.1878 | 4.1271 | 4.0672 | 4.0082 
—0| 4.5687 | 4.5032 | 4.4885 | 4.3747 | 4.3116 
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The tension is given in millimeters of mercury, 


VAPOR TENSION OF WATER 
TENSION OF AQuEous Vapor. 40 To 0° C., OvER IcE 


(Juhlin and Marvin.) 
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Temp. 

oP 0. ite 2 3. 4. 
—40 0.105 0.095 0.085 0.076 0.068 
—30 0.292 0.264 0.238 0.215 0.193 
— 20 0.787 0.714 0.648 0.589 0.534 
—10 1.974 1.806 1.650 1.506 13375 
Temp. 

ae 5. 6. t; Be 9. 
—40 0.061 0.054 0.048 0.043 0.038 
—30 O.173 0.156 0.141 (ere 7. Oe Bs) 
—20 0.484 0.438 0.397 0.358 0.324 
—10 i Ree ayrd 1.148 1.048 0.955 0.868 
Temp. 

ooh 0 A 2 3 A 
—10 1.974 1.956 1.939 1-922 1.905 
— 9 2.154 2.136 2.118 2.100 2.082 
— 8 Deaee PAIN 2.307 eae 2.268 
— 7 Heasieyd 2: Oo0 2.514 2.492 2.470 
— 6 2.785 2.761 2138 ee 1 2.692 
— 5 3.032 3.006 2.981 2.956 2.931 
— 4 3.299 Bezel 3.244 a ie 3.190 
— 3 3.586 3.556 Sue & 3.498 3.469 
— 2 3.894 3.862 3.831 3.799 3.768 
— 1 A Dae 4.189 4.155 4.122 4.089 
— 0 4 °579 4.543 4.507 4.470 | 4.4384 
Temp. 

a 5 6 a 8 9 
10 qe s8S 0 1872 --| P1865 | 1 S88- P1829 
25°5 2.064 | 2.046 | 2.028 | 2.010 | 1.992 
= 8 ode 1 OyerO ia) 229714 “| 2B 192: be 2 178 
aay 9.449 | 2.498 | 2.407 | 2-387 | 2.367 
— 6 2.669 | 2.646 | 2.624 | 2.601 | 2.579 
eS 2.906 | 2.882 | 2.857 | 2.833 | 2.809 
4 WiGtec es 196.0104 82.110 | 482084. | 3.058 
ae fae Sed |) 3138261 3.354 (f 3.326 
ae Soa 3 7068.1)132676. | 23.646 =| 3.616 
ee 4.056 |- 4.023 | 3.990 | 3.958 | 3.926 
=p Be AL S690 |) 4 397 | 4.292" 4 257 
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VAPOR TENSION OF WATER 
TENSION OF AQuEous Vapor, 0 To 100° C., 


The tension is given in millimeters of mercury at 0° C. 


(International Bureau of Weights and Measures.) 


0.0 0.2 0.4 0.6 
4.5687 4.6350 4.7022 4.7703 
4.9091 4.9798 5.0515 5.1240 
5.2719 5.3472 5.4235 5.5008 
©. 6582 5.7383 5.8195 5.9017 
6.0693 6.1546 6.2410 6.3285 
6. 5067 6.5974 6.6893 6.7824 
6.9718 7.0682 7.1658 7.2646 
7.4660 7.5685 7.6722 (hte 
7.9909 8.0998 8.2099 8.3214 
8.5484 8.6641 8.7810 8.8993 
9.1398 9.2623 9.3863 9.5117 
9.7671 Ske 


con) 
ee) 
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VAPOR TENSION OF WATER (Continued) 


TENSION oF AQuEous Vapor, 0 To 100° C. 


In millimeters of mercury. 
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VAPOR TENSION OF WATER (Continued) 


TENSION OF AQuEOUS VApPorR, 0 To 100° C. 


In millimeters of mercury. 


233.31 235.34 237 .39 239.45 


276.87 979.21 281.58 | 283.96 
988.76 | 291.19 | 293.64 | 296.11 


340.73 | 343.52 346.33 | 349.16 
354587. | 357276. | 2860/67. | | 36aeRG 


O84 . 64 387.73 390.84 393 .97 
400.29 403 .49 406.70 409 . 94 
416.47 419.77 423.09 426.44 
433.19 436 .60 440.04 443.49 
450.47 454.00 457 .54 461.11 
468 .32 471.96 475.63 479 32 
486.76 490). 52 494 31 498 .12 
505.81 509 . 69 513.60 517.53 


525.47. 529.48 533.51 537.57 


545.77 549 . 90 554.07 558 . 26 
566.71 570: 98 575.28 579.61 
588 .33 592.74 597.17 601.64 
610.64 615.19 619.76 |- 624.37 
633 .66 638 .35 643.06 647.81 
657 .40 662.23 667 .10 672.00 
681.88 686.87 691.89 696 .93 
707.13 712.27 717.44 722.65 
733. 16 738 . 46 643.80 (49 AT 
760.00 765.47 770.97 776.50 
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VAPOR TENSION OF WATER 
TENSION OF AQUEOUS VAPOR, 100—230° C., 


Giving the vapor tension in millimeters of mercury, in pounds per square 
inch and the corresponding temperature Fahrenheit. 


(From Regnault—Smithsenian Tables.) 


Pressure, Pressure. 
Temp.” Temp.*|| Temp.* Temp.* 
Oe Pounds |. ° F. Oe Pounds Sah 
mm. per mm. per 
sq.in. sq.in 
100 760.00 14.70 | 212.0 145 3125.55| 60.44 | 293.0 
101 787.59 Lomo |elon eS 146 3212-74 |= 62-13 1294.8 
102 816.01 ESTO! Aes 147 3301.87 63.86 | 296.6 
103 845.28 E6235) Qi7ae 148 3392.98] 65.62 | 298.4 
104 875.41 16.94 |. 219.2 149 3486.09] 67.41 | 300.2 
105 906.41 io: iv 226240 150 3581.2 69.26 | 302.0 
106 938.31 LSobomieesoe.S 151 3678.4 71.14 | 303.8 
107 971.14 18.78 | 224.6 52; STITT. 4.06 30046 
108 1004.91 19.44 | 226.4 153 3879.2 75.02 | 307.4 
109 1039.65 203th) | 22842 154 3982.8 £6.03 4) 3092 
110 HOT aro h 20.80 | 230.0 155 4088.6 49:00 33-40 
TAGE 1112.09 Die Sis 23178 156 4196.6 Sl 222 ol2.8 
112 1149.83 22824. | 233-6 By 4306.9 83.29 | 314.6 
113 1188.61 22..99: | 23534 158 4419.5 85.47 | 316.4 
114 1228 .47 ZORhO Soke et ieloOm |. bone 87.69 | 318.2 
115 1269.41 24.55 | 239.0 160 4651.6 89.96 | 320.0 
116 1311.47 PASSEHE OHNO} 161 4771.3 Ooi alpoekS 
18 ey 1354.66 26220" |. 24256 162 4893.4 94.63 | 323.6 
118 1399 .02 27.06 | 244.4 163 5017.9 97.04 | 325.4 
119 1444.55 27.94 | 246.2 164 5145.0 99.50 | 327.2 
120 1491.28 28.85 | 248.0 165 5274.5 | 102.01 | 329.0 
TOT 1539.25 29.78 | 249.8 166 5406.7 | 104.56 | 330.8 
122 1588.47 SOGTOR ECoG 167 5541.4 | 107.18 | 332.6 
123 1638.96 Sle Oooo. 168 5678.8 | 109.84 | 334.4 
124 1690.76 SPenyal) de pasa 169 5818.9" lekl 2: 535) 336-2 
125 1743.88 Sante 2oteO 170 5961.7 | 115.29 | 338.0 
126 1798.35 34.78 | 258.8 171 6107.2 | 118.11 | 339.8 
127, 1854.20 35.86 | 260.6 172 6255.5 | 120.98 | 341.6 
128 1911.47 SOLOe jeco2e4 173 6406.6 | 123.90 | 343.4 
129 1970.15 SSedieat 2O4ce 174 6560.6 | 126.87 |" 345.2 
130 2030. 28 39.26 | 266.0 175 6717.4 | 129.91 | 347.0 
131 2091.94 40.47 | 267.8 176 6877.2 | 133.00 | 348.8 
132 2159-03 41.68 | 269.6 avers 7040.0 | 186.15 | 350.6 
133 2219.69 42.93 | 271.4 178 (20520 | LoOrson boon. 4 
134 2285.92 44,21 | 273.2 179 (374.5 | 142.62) | 354.2 
135 PES 457,02 1221520 180 7546.4 | 145.93 | 356.0 
136 2423.16 46.87 | 276.8 181 i204 |l40r325\ 30150 
137 2494 . 23 48.24 | 278.6 182 7899.5 | 152.77 | 359.6 
138 2567.00 49.65 | 280.4 183 8080.8 | 156.32 | 361.4 
139 2641.44 51.06 | 282.2 184 8$26524- | 1598491 86352 
140 2G GS 2009) oe sO 185 8453.2 | 163.47 | 365.0 
141 2795.57 54.07 | 285.8 186 8644.4 | 167.17 | 366.8 
142 2875.30 55.60 | 287.6 187 8838.8 | 170.94 | 368.6 
143 2956.86 BV fend Gy dhe Perea) ave! 188 9036.7 | 174.76 | 370.4 
144 3040.26 | -58.79 | 291.2 189. |. 9238.0 | 178.65 | 372.2 


- * These are the temperatures at which water boils under pressures shown. 
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VAPOR TENSION OF WATER (Continued) 
TENSION OF AQuEOUS Vapor, 100—230° C. | 


Giving the vapor tension in millimeters of mercury, in pounds per 
square inch and the corresponding temperature Fahrenheit.) 


(From Regnault—Smithsonian Tables.) 


Pressure. Pressure. 
Temp Temp. || Temp Temp 
a /| Pounds F, mm Pounds 
mm per per 
sq.in sq.1n 

190 9442.7 | 182.61 | 374.0 210 14324784) 277-01 |741020 
191 9650.9 | 186.63 | 375.8 211 1462123 282558 1 4tdas 
192 9862.7 | 190.72 | 377.6 ate 14902..2 | 288.21 | 413816 
193 10078.0 | 194.88 | 379.4 213 15197. 5 5293.02 4 haloee 
194 10297.0 | 199.13 | 381.2 214 15497.2 | 299.72 | 417{2 
195 10519.6 | 203.43. | 383.0 215 15801.3 | 305.57 | 419.0 
196 10746.0 | 207.81 | 384.8 216 16109.9 | 311.57 | 420.8 
197 10975.0 | 212.25 | 386.6 217 16423..2 |.317.62 | 422°6 
198 11209.8 | 216.77 | 388.4 218 16740.9 | 323.78 | 424.4 
199 11447.5 | 221.37 | 390.2 || 219 17063.3 | 380.01 | 426.2 
200 11689.0 | 226.04 | 392.0 220 17390.4 | 336.30 | 428.0 
201 11934.4 | 230.79 | 393.8 221 17722.1 | 342.70 |) 429.8 
202 12183) 7 || 235. 6 12 3966 222 18058.6 | 349.21 | 431.6 
203 12437.0 | 240.54 | 397.4 223 18399.9 | 355.81 | 433.4 
204 12694.3 | 245.49 | 399.2 224 18746.1 | 362.50 | 435.2 
205 12955.7 | 250.53 | 401.0 225 19097.0 | 369.29 | 437.0 
206 13221. 17) 255%67- | 402.8 226 19452..97| 3876518 |7 438-38 
207 13490.8 | 260.88 | 404.6 227 19813.8 | 383.15 | 440.6 
208 13764..5 | 266.18 | 406.4 |\' 228 20179.6 | 390.22 | 442.4 
209 140425 |-271--65) | 408 22 229 20550.5 | 397.40-| 444.2 


VAPOR TENSION OF MERCURY ; 
(From Gebhardt, Hertz, Regnault, Van der Plaats, and others.) 


— ee 


Memps (©; Pressure, mm, Temp. ° C. Pressure, mm. 
0 0.0004 200 18.3 
20 0.00138 220 Pats ey 
40 0.006 240 59. 
60 0.03 260 98 
80 0.09 280 156. 
100 0.28 300 246. 
120 0.8 320 orain 
140 1.85 340 548. 
160 4.4 360 790. 
180 9.2 
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LOWERING OF VAPOR PRESSURE BY SALTS IN 
AQUEOUS SOLUTIONS ; 


The table gives,the reduction of the vapor pressure in millimeters due to 
the presence of the number of grammolecules of salt per liter of water given 
at the head of the columns, at the temperature 100° C., at which tempera- 
ture the vapor pressure of pure water is 76.0 centimeters. 


(From Smithsonian Tables.) 


Substance OF IH O 250) S202) 4. 05250516. 04) 28.0.1 100 
Ammonium chloride. |12.0/23.7/45.1] 69.3) 94.2/118,5/138.2]179.0/213.8 
Barium chloride... ..|16,.4/36.7|77.6 
Calcium chloride. .... |17,0/39.8}95.3 |166.6 /241.5/319,5 
Ferrous sulphate..., | 5,8/10.7/24,0] 42.4 
Potassium hydroxide, 15,0/29.5164.0] 99.2)140.0/181.8)/2238.0/3809.5|387.8 
Potassium iodide, 12,5/25.31/52.2) 82.6)112.2)/141.5)171.8)/225.5)278.5 
Sodium chloride... ., |12,3/25.2/52.1| 80.0}111.0/143.0/176.5 
Sodium hydroxide. .. 111,8/22.8]48.2] 77.31107.5/1389.1)/172.5/243.3/314.0 
Sulphuric acid...... 12,9/26.5|/62.8/104.0/148.0/198.4/247.0/343.2 
Zinz sulphate.......| 4,9]10.4/21.5] 42.1] 66.2 


CONSTANTS OF THE KINETIC THEORY OF GASES 


Giving the velocity, mean free path and diameter of molecules for various 
gases and vapors at 0° C. and 760 mm. pressure, 


Gas gre ee a ig Diam, cm. Observer. 
Ammonia, ...| 5.8104} 6.2x10- 63. 910-3 Graham, 1846 
BRON oe oe. 3,81 8.84 3.23 Schultze, 1901 
Benzene......| 2.7 21 6.6 
Carbon dioxide} 3.6 5.6 4.1 Breitenbach 

j 1899 
Chlorine...... 2.86 4.07 4.76 Graham, 1846 
Chloroform 2:2 23 6:5 Puluj, 1878 
Hither. 2.4... yor 2.1 6.6 Puluj, 1878 
Ethyl alecohol.| 3.5 3.2 5.3 Puluj, 1878 
Helin y 5 12.02 25.1 1,9 Schultze, 1901 
Hydrogen... .|16.94 16.3 2.38 Puluj, 1878 
Nitrogen..... 4.53 8.61 3,47 Markowski, 
1904 
Oxyeen... ... 4.25 9.06 3.19 Markowski, 
1904 
Water vapor. .| 5.7 tay, 4.) Puluj, 1878 


NUMBER OF MOLECULES IN A MOLECULE-GRAM 


Ue Ts TIE WBE a Cate ie en raed ne ae eoe-c ee 6.21023 
Perrine (rowan movement)> 2.04.5. Pci saak eee 6.85 


Pe MMMM Cc Ogee rer Sb Heh cot uaa ihe Ach Aas Goga ” cere. 6°, 2 


MASS OF THE HYDROGEN ATOM 


1.46 xX 10-24 grams. 
177 


phide, 


Carbon bisul 


C82. 
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Carbon dioxide, 
COd. 


ceeee 


eeeee 


eserves 


oeeee 


ee eee 


eecee 


eee ee 


re eee 


Chien tt 


eevee 


eocoee 


eeoee 


oeeee 


eceee 


eeeee 


¢ ete ee 


Carbon tetrachloride, 


CCE 
Chloroform, CHCls. 


Ethyl Alcohol, 


VAPOR PRESSURES OF | 


C2He6O. 


iE 
(e) 
BA egos 
nS 3 
cy a 
a (2) 
S te 
| 3 
cay < 
6.89 
8.93 
E47 
14.61 
18.44] 0.35 
25 Gly to 
28.68! 0.64 
35. 96) Gray 
43, 281~ 1.18 
52.591... 
63.43] 2.01 
76 13 
90.70] 3.42 
1D ADI 
126.48] 5.63 
148 10 ae 
172.50] 8.83 
199.89| .... 
230.49] 13.70 
264,54) .... 
302.28] 20.23 
3495-05). 6 2. i 
389.83] 29.27 
440) AGt ot 
495.33] 41.7 
555.62] .... 
621.46] .... 
693.33] 58.2 
771-99) oe 
79.4 
106.7 
140.4 


In centimeters 


(Principally from 


Acetone, CsH60. 
Ammonia, NHs. 


ta 6) Boe 


eee ne 


oe eee 


ae | 


eee 
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VARIOUS SUBSTANCES 


of mercury. 
Regnault.) 
o ‘ 
3 erecta wae oe 
rs See oe Sige PSS lee hee 2 
O c A ae o i St A o 
3 'S) B a = ° aTrys| oc 8 hs 
, a aq is a a) ada = a ce 
6, 3 2, 2 x = BRS = Cu, g 
5 5S g . a SB) eSelo & Fw Ee 
® o @ Suir o- < 3 Py =, 
a ea} Oo a vA Fa a D tr g 
280) >) Rec Re Che ecg pier ae (ane ea 58.52! 28.75 
—25 toe .41 1569 .49| 67.64] 37.38] 374.93 
—20 .58 63 1758.66] 74.48) 47.95! 4438.85 
—15 88 .93 1968.43] 89.68] 60.79] 519.65 
— Oa tao 1.35 2200.80|)101.84! 76.25] 608.46 
— 5 1.83 1.92 12457 .92|121.60| 94.69] 706.60 
= 2.53\0.006 2.68} 0.002)2742.10)139.08/116.51] 820.63 21 
iB rn ei! el ee 3.69}-.... 13055. 86/167. 20|}142.11] 949.08 
10 4.5210.010 5.01] 0.005/3401.91/193. 80)171.95/1089. 63 29° 
15 ee oO ee sarc 6.71] 0.005/3783. 17|226. 48/206. 49/1244 .79 
20 7.56/0.015 8.87| 0.008/4202. 79/258. 40/246. 20/1415.15 44 
25 ON a eer 11.60] ....° |4664.14/297.92/291.60/1601 . 24 
30 | 12.02)0.026 | 15.00} 0.013/5170. 85/338. 20/343 .18]1803.53 69 
Sala OStes sa 19.20] .... |6335.98/383. 80/401 .48/2002.43 
AQ Mins s5O10.060 1, 2453517 020382I- .4. .8 434 . 72/467 .02}2258.25| 1.08 
Zaye payee. tt SLO Pao RI Le Se tereies ols Cea 478 .80|540.35/2495.43 : 
50.) 21-1 4105130) | -38.17) O.081i..os.... 521 .36/622.00/2781.48| 1.70 
Det adis OF) Foxes APR yore eee ee Wore, Tee a .... 1712.50/38069.07 
COm So OLlO 255.4) 57599). OL L838 .ae a. 812.38|3374.02| 2.65 
65 | 46.34) -... CORES Ia te eee eee 922 .14|3696.15 k 
Oma 4O0 | Sotd ble OrsOolny «soe ..». (4035.32) 4.06 
Mal OAT o2llese -- |LOSa21 
Seo Oso Lom ZnSO Cede a lwe cl i ck Seely ao ee |. 6.13 
Riel Sacto)... cpl te.09 : 
90 {101.27 (UTE GICAL ole ee ete a's Ooi ee eR ada 9.06 
O51 6.75 205. k7 
100 |134.01 AO Sel pede oe) MIPAR ES erie Rr’ ae oe mE ARs ood) Iba ten etae 13.11 
105° 1153.18 280. 63 
110 {174.44 SRD ye NO ee ret ddea iol iEces aah cSaceot lieheovin eater |W yoni ccc Gee ek eae 18.60 
$15. 1197 182 376.98 
120 (223.54 434.18} 4.02 Bio Ore) cee oe opto ae 5.70 
125 io bee 498.05 ! 
130 |282.438 OO Ce NOB Weer. ae at Pa aataeer er Heerlen Siete Ae 34.90 
tS5o134 5. So 647.93 
140 |352.07 CESIES HEAL UE eo NS ie EAS clea ct a at ay 46.40 
{45-139 21 830.89 
150 |433.37 936.13 
155 |478.65 Pee tore ed tildes Seocaut lates vets 60.50 
IEG Ghee de OE oreo es al ee pe) Sed SON th oes -1[ Eco et | eet ee aes 68.60 
TREE NGS SEO See nee Pel ay ee oe Me a ee ee eae eee ae 10.30 
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HEAT CONDUCTIVITY 
METALS 


Giving the quantity of heat in calories which is transmitted per second 
through a plate one centimeter thick across an area of one square centi- 
meter when the temperature difference is one degree Centigrade. 


(Compiled principally from Smithsonian Tables.) 


Temp. | Conduc- 


Substance. oC. tivity Observer. - 
ANGORA UTE bs 5 eee 18 {0.48 Jaeger & Disselhorst, 
1900 

ATIOIONY 9 fans | ce aE .0442 | Lorenz 
Beis 2 theta: see 0 .0177 | Lorenz 
Brass, yellow... 0 .2041 | Lorenz 

Peds wee. et tS 0 .2460 | Lorenz . 
GadTmnviMis.: “ied vee 0 .2200 | Lorenz 
(Comste cine ts oe chet 18 .5402 | Jaeger & Disselhorst 
Coppers Bureir rec. 1a bo iw A a Angstrém, 1863 
COPPER ic. isa sone’ 0 .7189 | Lorenz 
German silver........ 0 .0700 | Lorenz 
Old oer ete ene ae 10+97 | .75 Gray, 1895 
RROD. FG INN ARS TH. alld ON 0 .1665 | Lorenz 

Wroughts: os .es0e-. 0 .2070 | J. Forbes — 
TCU ares eames one 6 «abe O | .0886 | Lorenz 
WRETCUEY <i.c-2 Rhos voit. § 500 0 .0148 | H. F. Weber 
Magness so. 5 1 0-100) .8760 | Lorenz 
Manganin 

84Cu+4Ni+12Mn.| 18 .5186°| Jaeger & Disselhorst 
Nickels dss hoe tha, 18 .1420 | Jaeger & Disselhorst 
LEA ENANG 102d s gabe omen rear 18 .1664 | Jaeger & Disselhorst 
BVER ite iyo es 0 j1.0960 |H. IF. Weber - 
SLeCel BAM t.s is 6 a: .... | .0620 | Kohlrausch 

BOLUoaann A A acta oe .... | .1110 | Kohlrausch 
Getrag GS eee 0 .1528 | Lorenz 
UATNOR ee ek, 5 ee eee 18 .2653 | Jaeger & Disselhorst 

VARIOUS SOLIDS 
Approximate Values. 
Substance. eae: Observer. 

Asbestos paper.......... .00043 | Lees-Chorlton 
Bie p Tes. tale eccerey Ree .00150 | Herschel-Lebour & Dunn 
Blotting paper. 24 4.4; .00015 | Lees-Chorlton 
Portland cement........ .00071 | Lees-Chorlton 
Gor iis oa) ee .000717 | G. Forbes 
Cotton wook.o2 Mark wee .000048 | G. Forbes 
Cottot: pressédi.c. ce. sacs .000033 | G. Forbes 
Biderdowi.. 4 4 acar nese .000011 | Péclet, 1878 
Woltecic < ¢seoeaae ee .000087 | G. Forbes 
Fire briek : 0 ..45 000 estes .00028 | Hutton-Blard 
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HEAT CONDUCTIVITY (Continued) 
Various Souips (Continued) 


Approximate Values. 


Conduc- 


Substance. tics, Observer. 
Eee 1 .OO11 Various 
1S a ae ..| .000042 | G. Forbes 
Oe nee. Shag Aad. aiay's dao weet 00396 Mean 
Temes 2s. ae ee 00029 eioresie pa 
: rom, 00016 | Hutton-Blar 

Magnesia { Peirce er atalsaice ae 00045 | Hutton-Blard 
es «aia wa s GA on aa’ 00023 | R. Weber 
DGS 1s rae ee 00045 | G. Forbes 
Piserer of Paris 660) uc, 00070 | Lees-Chorlton 
RS add ciate oes ss 00036 | Hutton-Blard . 
panda white Gry. ..i3.:%5 00093 | Herschel, Lebour & Dunn 
Sandstone and hard grit, 

Cen ay ok ages 00555 | Herschel, Lebour & Dunn 
Pe eiehe ee rs wy tin 00012 | G. Forbes 
US Pe ee 000095 | Lees-Chorlton 
Slate, across cleavage ....| .00388 | Lees-Chorlton 
Snow, compact layers....} .00051 Hjeltstrom 
oi Tht) diag er a 00033 | Lees-Chorlton 
AT CO) ee 00087 | Stefan 
Vulcanized rubber, soft, 

MOG ES oc x cisce bos 00034 | Herschel, Lebour & Dunn 

‘HG Ee at Seapee 00054 | Herschel, Lebour & Dunn 
Tr) a Oye’ o<) re 00009 | G. Forbes 
Wood, fir: || to axis...... 00030 | G. Forbes 

1 to axis.....| .00009 | G. Forbes 


LiqUuIDS AND GASES 


Liquid or gas. Te C ape Observer. 

Acetic acid..... 9-15 | .000472 | H. F. Weber 

erage eras ie ee eee 0 .0000568 | Winkelmann 
Aleohol, ethyl........ 9-15 .000423 | H. F. Weber 
Carbon dioxide....... 0 .0000307 | Winkelmann 

disulphide. ........ 9-15 .000348 | H. F. Weber 
{ClOvoloyin s 22 site +: 9-15 .000288 | H. F. Weber 
HC Ger en 6.4 oe: 9-15 .000303 | H. F. Weber 
G¥yeerines i. s).. ace. 9-15 .000637 | Graetz 
Hidvowen cs) 5 6% 2 0 .000327 | Winkelmann 
NWPOMON. F566 es ess 7-8 .0000524 | Winkelmann 
Ous Gana ekg ee 2h: Gad areas .000895 | Wachsmuth 
Oxyren tie. i. phe: 7-8 .0000563 | Winkelmann 
Wilteneeeer st 4. 0 .00120 H. F. Weber 
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HIGH AND LOW TEMPERATURES OBTAINED BY 
VARIOUS MEANS 
Absolute zero, —273° C. 


Freezing-point of helinmysey. ss Ge eee —272°C 
Freezing-point of hydrogen........... Ege eae —257 
Boiling-pomt:of hydrogens .o22 Gee ve as — 253 
Boiling-point of liquid air at atmospheric pressure... —192 
Freezing-point of carbon dioxide................. — 57 
industrial furmaces= Aasck: bg ok Ae ee +1700 e 300° 
Bunsen: burmers 33603 i tind BRE aoe eae eee 7Q 
Oxy-coal vas: Tames: 1500.5 5 JAR Re ott o» S 2000 
Oxy-hydrogentilame scAi07 se oe ee cee 2800 
Oxy-acetylene flame............. Bh ca’ okes acide, Wi eae eee 3500 
Eilectwe are Girmace) isk). eat eee ee 3500 


(Sun’s Temperature, 5000° C.) 


HEAT VALUES OF FUEL 


(From Smithsonian Tables.) 


: : m 
Fuel Der ae 
Coal:. 
Lignite 
ROW PSTAGET: Coa voc he lamers + eee et ee 3526 3647 
high eracde }- Seco riete ee ees ee eee 3994 7189 
Sub-bituminous 
low rade, 7 stu e ake. po en wee Ep fi. aes 5115 9207 
high" erade. (Genes hae eee er eee 5865 | 10557 
Bituminous 
LOW OTA... voc alts a ae een aies oe pemeeee 6088 .| 10958 
high erade: ....$e hee ua ste ee eee ee 7852. | 44134 
Semi-bituminous 
drew 2rade. . 3b eee mR ete a 7845 | 14121 
Pgh orade. icky as ek ei ee eee 8166 | 14699 
PEMI=AN LTA CIUC.; -.weeninndsace kan Sek Lames WOL2 dae 
Anthracite 
lowyoradlediclt.). Sei oo deems 6987 | 12577 
highigrades 54. > ESR UCR boas ees 7417 | 13351 
Peats (air dried): 
Fromiranikdin Ao, , Ni. Yipes ae eee 5726 | 10307 
From Sawyer Co., Wisslege arse ase 4867 8761 
Liquid fuel: 
Petroleum iether. |). St ein eee oe 12215 | 21987 
Gasoline. hci i Seo ok ee ee 11250 | 20250 
Kerosene é....i/. 8).in Sa eee eee eee 11100 | 19980 


Fuel oils, heavy petroelum or refinery residue] 10350 | 18630 
Alcohol, fuel or denatured with 7—9 per cent 
water and denaturing material.......... 6455 | 11619 
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HYGROMETRIC AND BAROMETRIC 
TABLES | 


CONVERSION TABLE FOR BAROMETRIC READINGS 


U.S. inches to cm. 


DOONAN BWNHO OCONOM PWHHO CONAN PWHHO OHMNRM PWNHRO 


\70. 
aT: 
es 
73. 
74. 
75. 


76. 


ah 


78 


* . 


* 


* 


03 04 
656} .682 
910} .936 
164; .190 
418] .444 
672] .698 
926] .952 
180} .206 
434| .460 
688| .714 
942] .968 
196] .222 
450) .476 
704} .730 
958} .984 
212) .238 
466} .492 
720) .746 
974|* . 000 
228| .254 
482| .508 
736| .762 

.990|*. 016 
244) .270 
498) .524 
752| .778 
. 006] *, 032 
260| .286 
514) .540 
. 768} . 794 
.022|* 048 
277| .302 
531} .556 
. 785} .810 
.039|*. 064 
293} .318 
547| .572 
801] .826 
055|*.080 
309] .334 
563) .588 


seed |: 


-993)*. 


* 009) *. 


* 025/*. 


*.041/*. 


* 05717, 


* 089 *. 


oe 


oe 


* 


oo 


* 


ee 


ee 


= 


cts 


ce 


rade 


oe 
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TEMPERATURE CORRECTION, BRASS SCALE 


METRIC 


To reduce readings of a mercurial barometer with a brass scale to 0° C. 
subtract the appropriate quantity as found in the table. 


Observed height in centimeters. 


Temp. 
Coe 795) 74 72 | 73 74 70 76 at ee 78 


cm. cm. cm. em. cm. cm. cm. em. cm. 
0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 
SOLIS) 2001 -|— 01271 2012" | Ol 2s 012s On 2a Ob miele 
.023 | .023 |} .028 |..024 | .024 | .024 | .024 | .025 | .025 
.034 | .084 | .085 | .035 | .0386-| .036 | .037 | .037 | .038 
.045 | .046 | .046 | .047 | .048 | .048 | .049 | .050 | .050 


; .057 {0.058 |0.059 {0.060 |0.060 |0.061 |0.062 |0.063 
068. | .069°| .069 | .071 | .072°|[072°|- 073 >| 074°) 07s 
.079 | .080 | .081 | .082 | .083 | .085 | .086 | .087 | .088 
.090 |..092 | .093 | ..094 | .095 | .097 | .098 | .099 | .101 
102°) .108°| 104)" 106). 107) << 108 4 TiO) ti 2 ees 


‘OONOtmn PWNHO 
oS 
ro) 
Or 
(op! 
ro 


10. {0.113 {0.114 |0.116 |0.118 |0,119 |0.121 [0.122 |0.124 (0,126 
11 784 196+ 188 fe 129 Oe SST 1887) 2 aSol) tata eee 
12 -185:) .VS7-| 2189 1 S140) 14a ea SEA Oar 
13 1472) 449") 24611-1532 268o 135i o | Pose Ole eee 
14614 - 158") -V/16D-| 3168 116552167 Fo 16 i eee 
15 0.169 |0.172 |0.174 |0.177 |0.179 |0.181 |0.184 |0.186 |0.189 
16 (ABT | RB8* |. 186. e188 19Ie ls 18s) sO sh hoo cree 
We .192 | ,195 | .197 | .200 | .208.| .206 | .208 | .211 | .214 
18 203°) , 206: | (209 1.212") (216) 22184) *. 220-224) Wed 
19 216 | ,218 | .221 | .224 | 1227 | :280 | .283 | 1236 | 1289 
20 0.226 |0.229 10.232 |0.236 |0.239 |0.242 |0.245 |0.248 |0.252 
21 2387. | ,241-| .244 | .247 | .251 | .254 | .253 | .261 *.264 
22 249 | ,952-| .256 | .259°| - 268°] -266') .270 | (273 1) aie 
23 200 | ,204-)°, 267°) .271 | 12760) 278°) 2824" 286. e200 
24 -371- | (276-| 279 | .283' |) .287 | .291>| 1294 7 1298 1 02 
25 0.283 |0.287 |0.291 |0.295 |0.299 |0.303 |0.307 |0.311 |0.315 
26 294°) ,208-| 1302 | 2306") 311.) 315 | -ai9o) 252358 ee27 
27 .305 | .3810 | .314'| 318 | °328 |, .327 | .33t | ..3386 | 1340 
28 -317-| .821 | .826 | .330.| .836.| .339)) 944, ) "348 6 4303 
29 428 | 3380}. 3387 |- 0425" (B47 evoek >) eon got . 365 
30 0.339 |0.344 |0.349 10.354 |0.359 [0.363 [0.368 |0.373 |0 378 


CONVERSION TABLE FOR PRESSURE UNITS 


Correct for.mercury at 0° C. 


Cms. of Hg. | Grams per sq.cm. fia, Rance Lbs. per sq.in. 
1 13.5956 13,3823.7 0.193376 
2 27.1912 26,647 .4 0.886752 
3 40.7868 39,971.1 0.580123 
4 54.3824 : 53,294.8 0.773504 
5 67.9780 66,618.4 0.966880 
6 81.5736 79,942.1 1.160256 
7 95.1692 93,265.8 1.353682 
8 108.7648 106,589.5 1.547008 
9 122.3604 119,913.2 1.740384 __ 
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TEMPERATURE CORRECTION, GLASS SCALE 


METRIC 


. To reduce readings of a mercurial barometer with a glass scale to 0° C. 


subtract the appropriate quantity as found in table. 


0.363 


Observed height in centimeters. 
Fae 


71 72 
cm. cm. 
0.000 |0.000 
O12 | .013 
.025 | .025 
.036 | .0387 
.049 | .049 
0.061 |0.062 
.O74 | .074 
.086 | .087 
.098 | .099 
110 It 
0.122 |0.124 
+185 | .187 
.146 | .148 
159 (| S161 
«171 | .174 
0.184 |0.186 
.196 | .199 
.208 | .210 
.220:| .223 
. 233 236 
0.245 |0.248 
.258 | .261 
1269 | 1273 
282 | .285 
.294 | .298 
0.307 |0.311 
819 | .823 
.3831 | .835 
.343 | .348 
.356 | .360 
0.368 |0.373 


73 
em. 


74 


cm. 


0.383 


0.387 |0.392 |0.397 


76 


cm. 


cab 


em, 


0.000 {0.000 |0.000 


78 
em. 


.O13 | *.013 014 
2026 | 024. | 2027 
.0389 | .089 | .040 
.052 | .053 | .053 
065 |0.066 |0.067 
078 | .079 | .080 
.092 | .093 | .094 
-104 | >.105 | .107 
1G ald. + 2020 
130 |0.132 10.134 
144 | .146 | .147 
.156 | .158 | .160 
S169 aL TIS) Sa 
-183 | .185 | .187 
196 |0.198 {0.201 
-209 | .212-| .214 
ee 224 | 2227 
-285 | .238 | .241 
.248 | .2651 | .254 
261 |0.264 |0.268 
275 | .278 | .281 
.287 | .200 | .294 
.300 | .804 | .308 
ols |). 817 |. 321 
827 |0.831 |0.335 
3840 | .344 | .348 
852 | .3857 | .361 
EO SAO Bias 
.3879 | .384 | .388 

0.402 


MASS OF WATER VAPOR IN SATURATED AIR 


Mass in grams per cubic meter. 


Temp. 
OF 


0.0 


0.892 
2.154 
4.835 


4,835 
9.330 
17.118 
30. 039 


31.704 


(From Smithsonian Tables.) 


1.0 


0.810 
1.978 
4.468 


5.176 
9.935 
18.148 


2.0 


0.737 
1.811 
4.130 


5.538 
10.574 
19.222 
33.449 


3.0 


0.673 
1. 653 
3.813 


5.922 
11.249 
20.355 


35.275 


4.0 


0.613 
1.519 
3.518 


6.330 
11.961 
21.546 
37.187 


185 


5.0 


0.587 
1.395 
3.244 


6.761 
12.712 
22.796 
39.187 


7.0 


8.0 
0.457) 0.413 
1.177) 1.079 
2.452) 2.537 


7.703} 8.215 
14.339)15.218 
25 .487|26 . 933 
43 465/45. 751 


9.0 


0.373 
0.982 
2.340 


8.757 
16.144 
28.450 
48.138 


HANDBOOK OF CHEMISTRY AND PHYSICS 


REDUCTION OF BAROMETER READINGS TO STANDARD 
TEMPERATURE 


Brass Scaue, British UNItTs. 
The table gives the corrections for the barometer reading in inches 
and the temperature in degrees Fahrenheit for a brass scale graduated 
to be correct at 62° F, The correction is to be subtracted. 


Observed height in inches. 


27.0 | 27.5 | 28.0-1| 28.5 | 712920 | 29.5 30.0 > 130-5) S150 


32 {0.009 {0.009 |0.009 0.009 |0.009 |9.009 {0.010 |0.010 |0.010 
34 .013 | ..014 |..014 | .014 | 014 | (O15 |<. 015 \*.015 | 2015 
36 018 | .019 | .019 | .019 | .020 | :020 | .020 | .021 .021 
38 .023 | .024 | .024 | .025 | .025 | .025 | .026 | .026 | .027 
40 028 =|) 2029. 127:'029 32240305) 2.0301 20S 1 SFOs tale 032 len 0s2 
42 033 | .034 | .034 | .035 | .036 | .036 | .038 | .037 | .038 
44 .038 | .039 | .039 | .040 | .041 | .041 | .042 | .043 | .044. 
46 .043 | .044 | .044 | .045 | .046 | .047 | .048 | .048 | .049 
48 .048 | .049 | .050 | .050 | .051'} .052 | .053 | .054 | .055 
50 053 054 055 055 | .057 058 058 059 060 
52 058 059 060 060 | .062 063 064 065 066 
54 062 063 065 066 | .067 068 069 071 072 
56 067 068 070 O71 | .072 074 075 076 077 
58 072 073 075 076 | .078 079 080 082 083 
60 O77 078 080 081 | .083 084 086 087 089 
62 082 083 085 086 | .088 090 091 093 094 
64 087 088 090 092 *2-.093 095 097 098 100 
66 092 093 095 097 | .099 100 102 104 105 
68 097 098 100 102 | .104 106 107 109 BE 
70 102 103 105 107 | .109 fad 113 115 ia 76 
72 107 108 110 112 | .114 116 118 120 122 
74 111 113 116 ILE te20 122 124 126 128 
76 116 118 121 123 | .125 127 129 131 133 
78 121 123 126 128 | .130 132 135 137 139 
80 126 128 131 PS Sra eres O 138 140 142 145 
82 131 133 136 138 | .141 143 146 148 150 
84 136 138 141 143 | .146 148 151 153 156 
86 141 143 146 148 | .151 154 156 159 162 
88 146 148 151 154 | .156 159 162 165 167 
90 LOL deedo3) |Azt06 2 soo eal6 2165: 262 LO eae 
92 5156 ec 1o8)| 216 lar 21GE aie VOC SS OSL ae Omnia 
94 2160 )22163 (S166 se O Neo ee 52 eee S) een ile eels 
96 A165. (oe 68 [ond 71 | lA 78 JS Sie Sa aed Seo 
98 TO fed 3 oC Ae 9 ASS: Se SG Pel SO) eel emer Oss 


CORRECTION FOR CAPILLARY DEPRESSION OF 
MERCURY IN A GLASS TUBE 
Correction to be added. 


Height of meniscus in centimeters. 


eyes 

fo) 

tube. | 0.04 | 0.06 0.08 0.10 O12 0.14 0.16 0.18 
cm cm. cm. cm. cm. | cm. cm. cm. cm. 
0:4=-|0083 71" 0.122) |P10. 1545150, 198102237 

0.5 047 .065 086 .119 145 | 0.180 

0.6 027 .041 056 .078 098 2 onl Orgs 

0.7 018 028 040 053 067 .082 .097 113 
0.8 .020 029 038 046 056 HOGS FiOsO7ua 
0.9 0.015 | 0.021 | 0.028 | 0.033 | 0.040 | 0.046 | 0.052 
PRO cape ae ee eee 015 020 025 029 033 037 
7 Os ed Pace oe ot a 010 014 018 .021 024 027 
AL AD waar sera eee 007 010 013 OVS .018 019 
LS eh ee 004 007 010 .012 .013 014 


HANDBOOK OF CHEMISTRY AND PHYSICS 
REDUCTION OF BAROMETER TO SEA LEVEL 


Merric Units | 
Correction to be added (in cm.) 
(From Smithsonian Tables.) 


Height above 


OBSERVED HEIGHT IN CENTIMETERS. 


sea level : 

mm THeters. 55 60° 65 70 75 80 
UOT COE Sa aR co FR A A ae 0014 .0015 .0016 
SAID on 9 OR apes UR) ce 8 ana ee 0028 .0030 .0032 
SOD “<A Sete anki PE ere einare Ws ie ga 0041 0044 .0047 
ARVO) 1 SAG 8 IAA 2 i eg el es Pk See 0055 0059 .0063 
SOO) tah) eat eee ae . 0064. 0068 .0073 .0078 
GD ize Oe ees Se al eh Ge eee .0077 0082 .0088 
CAQUDY. Soot TP aa Ti Be Pa cer 0090 0096 .0102 
EXOIG) aa Tg Seale mh Vat eae , 0103 0109 .0117 
SOOme erates oo Pi. os 0115 0123 0131 

1000 0108 0118 0128 0137 .0146 
1100 0118 0130 0141 0150 
1200 0129 0142 0154 0164 
1300 0140 0153 0166 0178 
1400 0151 0165 0179 0191 
1500 0162 0176 0191 0205 
1600 0172 0188 0204 
1700 0183 0200 0217 
1800 0194 .0212 0230 
1900 0204. 0224 0242 
2000 0215 0235 0255 
2100 0226 .0247 
2200 .0237 .0259 
2300 0248 O27 
2400 0259 0283 
2500 0270 .0295 
ENGuisH UNIrs 
: OBSERVED HEIGHT IN INCHES. 
Height above 
sea level 
in feet. 20 22 24 26 28 30 32 
COMM Mpa see tetas es Sha Nee Sane a 078 084 .090 .096 
TRIAD eas (es eA Pope oa (Tea mtd . 167 .179 .192 
SOM eset. eee he. 215 £235 251 . 269 
PHOTOS SES ere rea lie ea . 287 esa! .335 359 
BO mis wal (rcae as Secs t! |e hi .359 . 389 419 : 
BOOOE a Aisiee. ck ~395 .431 467 . 503 
Se" Se eMC eae (461 .503 1545 
BOGOR ae ei se .526 Oud 623 
AD OO Ss: ayes’ 2.5: .592 646 .701 
5000 .598 . 658 .718 779 
5500 658 . 724 .790 
6000 718 . 789 . 862 
6500 SUL 655 .934 
7000 . 837 aio tek OOS 
7500 897 MST th O7F 
- 8000 .957 . 853 
~ 8500 1.016 .918 
9000 1.076 984 : 
9500 1.136 1.050 
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REDUCTION OF BAROMETER TO LATITUDE 45° 


Merric Scat 


For latitudes below 45°, subtract the correction; for latitudes greater 
than 45° it is to be added, Corrections in cm, 


(From Smithsonian Meteorological Tables.) 


OBSERVED HEIGHT OF BAROMETER IN CENTIMETERS, 


Latitude. 
68 70 72 74 
BSo "G5" 116 0.120 0.123 0.127 
26 64 111 115 118 Br 4 | 
27 63 . 106 110 Bell Ake 116 
28 62 2101 . 104 .107 110 
29 61 .096 099 my . 104 
30 60 .091 0.094 0.096 0.098 
ol 59 .085 O87 .090 .092 
32 58 .079 082 .084 .086 
Soot 074 076 .078 .080 
34 56 .068 070 .072 074 
35 55 .062 0.064 0.066 0.067 
36 54 .056 .058 .059 061 
37 53 .050 051 .053 054 
38 52 044 045 .046 048 
39 ey .038 039 .040 041 
40 50 .031 0.032 0.033 0.034 
41 49 .025 +026 027 .027 
42 48 .019 019 .020 021 
43 47 .013 013 FOS 014 
44 46 . 006 007 .007 007 
ENGLISH SCALE 
Corrections in inches. 
OBSERVED HEIGHT IN INCHES. 
Latitude. 
25 26 PA 28 

Door .043 0.044 0.046 0.048 
26 64 041 .043 044 046 
PATE 63 .039 .041 042 044 
28 62 .037 .039 040 042 
29 61 .035 .037 .038 039 
oO) 300 033 0.035 0,036 0.037 
31 59 Oars .032 . 034 .035 
32 58 .029 .030 .032 -0338 
Bi5% oY .027 .028 .029 030 
O40 025 .026 027 028 
Bo) Do 2028 0.024 0,025 0,025 
36 54 .021 021 “022 .023 
37 53 018 019 020 O21 
38 oe .016 017 017 .018 
SoummoL .014 014 015 015 
40 50 .012 0.012 0.012 0.013 
41 49 . 009 010 .010 010 
42 48 9007 007 008 008 
43 47 .005 005 005 005 
44 46 .002 002 003 003 


78 


0.133 
.128 
e122 
L1G 
ee) 


0.104 
O97 
09% 
. 084 
.078 


0.071 
-064 
.057 
.050 
.043 


0.036 
.029 
.022 
.014 
. 007 
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RELATIVE HUMIDITY—DEW-POINT 


Bre sts gives the relative humidity of the air for temperature ¢ and dew- 
point d, 
: (From Smithsonian Meteorological Tables.) 


é Dew-PorintT (d). 
Depression Be Sch 


of dew-point 
t=-d °C. 


Se | [Sf Sf eee 


NNINININ QRAAQA] ATTN BRERA WwWwWWwo NNNNN HERE COOCS 
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RELATIVE HUMIDITY—DEW-POINT (Continued) 


: Derw-Ppoint (d). 
Depression 


of dew-point 

ra *C. | 0 Sah +20 +30 
8.0 54 57 60 62 64 
8.2 54 56 59 61 63 
8.4 53 56 58 60 63 
8.6 52 59 57 60 62 
8.8 oa 54 57 59 61 
9.0 51 53 56 58 61 
9.2 50 53 55 58 60 
9.4 49 52 +9) aT 59 
9.6 48 51 54 56 59 
9.8 48 51 53 56 58 
10.0 47 50 53 55 57 
10.5 45 48 51 54 

11.0 44 47 49 52 

11°.5 42 45 48 51 

12.0 41 44 47 49 

1235 39 42 45 48 

13.0 38 41 44 46 

13.5 37 40 43 45 

14.0 39 38 41 44 

14.5 34 37 40 43 

15:0 33 36 39 42 

15.5 32 390 38 40 

16.0 31 34 aii 39 

16:5 30 33 36 38 

17.0 29 32 30 od 

17.5 28 3k 34 36 

18.0 Di 30 30 35 

Ros) 26 29 54 34 ‘ 
19.0 20 28 5! 33 

19.5 24 Di. 30 33 

20.0 24 26 29 32 

21.0 22 pay ot 

22.0 21 23 26 

23.0 19 22 24 

24.0 18 21. 23 

25.0 17 19 22 

26.0 16 18 21 

27.0 15 17 20 

28 .0 14 16 19 

29.0 13 tS 18 

30.0 sis 14 : Wd 
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REDUCTION OF PSYCHROMETRIC OBSERVATION 


_ For the reduction of observations with the wet and dry bulb thermometer, 
Assuming the relative velocity of the air to the thermometer bulbs is at least 
three meters per second; if ¢ is the temperature of the air as indicated by the 
dry bulb, t,,, the temperature of the wet bulb, B, the barometric pressure, and 
Ey, the vapor tension of water corresponding to ft, then the actual vapor ten-. 
sion is 
E=E,, —0.00066B (¢ —t,,)[1 +0.00115(¢ —¢,,)]. 


The value of the term 
0.00066B (t tLe +0.00115(¢ eal 
is given in the following table. 


(From Miller’s Laboratory Physics, Ginn & Co., publishers, by permission.) 


BAROMETRIC PrREssURE B 1N CENTIMETERS. 


70.0 71.0 TEPG REY 73.0 74.0 75.0 76.0. hie 
S em. cm. cm. - em. em. em. cm. em. 
1 0.047 | 0.048 | 0.048 | 0.049 | 0.050 0.050 | 0.051 0.052 
2 .093 094 .096 .097 .098 .100 -101 .103 
3 .139 141 143 145 .147 .149 a ee 154 
4 .186 .189 191 194 .197 .199 202 204 
D e232 02236) 1 06.239> | 02243" 10.246) tf 0..249° |. 0-252 0.256 
6 279 283 .287 291 295 .299 303 307 
7 326 Sok: 336 340 345 350 354 359 
8 373 379 384 389 395 400 405 411 
9 3 421 427 432 438 444 450 456 462 
10 0.468 | 0.474 | 0.481 | 0.488 | 0.494 OLoO TOS 508-5 OGolo 
sal 5a iss 522 530 Oot 544 551 559 566 
12 562 570 578 . 586 594 602 611 619 
1B} 610 618 627 . 636 645 653 662 671 
14 658 667 676 . 686 695 705 714 120 
5 bes 0.706 | 0.716 | 0.726 | 0.736 | 0.746 0.756 | 0.766 | 0.776 
16 754 764 TOE . 786 796 807 818 829 
LWA 802 813 824 . 836 847 859 870 882 
18 850 862 874 . 886 898 910 922 935 
19 898 911 923 936 949 962 975 987 
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SOUND 


VELOCITY OF SOUND 


SOLIDS 


Approximate values. 
(From Smithsonian Tables.) 


Veloc., | Veloc., 
Substance. oe ‘| meters feet Observer, 
* | per sec. | per sec. 


Metals: 
Aum cays <.cre eee Shon 5104 16740 | Masson 
IB RAGS etry Aan ove hetanenetaye aaa 38500 11480 | Various 
CENo loth baal ban Peer Bos | oes ero 2307 7570 | Masson 
Cobalttearcsakcareamia ail venaeeNs 4724 15500 .| Masson 
Coppericea sities deine 20 3560 11670 | Wertheim 
Geppery2. tes adie yeu 100 3290 10800 | Wertheim 
Conner. 2 ot 200 2950 9690 | Wertheim 
Goldsoltwe seat eee 20 1743 5717 | Wertheim 
Coldteitand stite ete ore mpseh 2100 6890 | Various 
Iren and soft eteels 2. pl) ssn 5000 16410 | Various 
TROMAE teenies ees 20 5130 16820 | Wertheim 
TOUR ae en hs ee 100 5300 17390 | Wertheim 
1 Oy a Se ee a cote BN 200 4720 15480 | Wertheim 
Tron cagt steel:. 5,..2.. 4 20 4990 16360 | Wertheim 
Tron cast steel,......., 200 4790 15710 | Wertheim 
4 Sz Bh ah Sea ei ce 20 1227 4026 | Wertheim 
MAO Ee SIUM a, tennis any eee 4602 15100 | Melde 
Nickels = pemtara shes ote ere Alene 4973 16320 | Masson 
Palla gia eer icer iO? 3150 10340 | Various 
je Eiihahd ath. Geol or 20 2690 8815 | Wertheim 
Plata aun oe ates eet 100 2570 8437 | Wertheim ' 
Pia tiniest. a oe es 200 2460 8079 | Wertheim 
WHVOCPE = cic Saks cy eateet 20 2610. 8553 | Wertheim 
DILVoree ar ct pecen onucitece f 100 2640 8658 | Wertheim 
RININases Becar ue cots: ote thiiaca. cochersie ae; 2500 8200 | Various 
7 ALAND.) cian ie a bed ir ee stewie 3700 12140 | Various 
Various; 
ATIC Be eevee er eho eset Peer 3652 11980 | Chladni 
ClayefOClks, » autos: fe oe ee 3480 11420 | Gray and Milne 
CLOT rad ae ar sat eeeeene a ea 500 1640 | Stefan 
ASE ANTE oes ote: Sema aot race 3950 12960 | Gray and Milne 
NPAT DLC as ss ae gine coe Rjtorss 3810 12500 | Gray and Milne 
PAA oe rcs seecyeeaaeee ete 15 13804 4280 | Warburg 
lave fete Cees es ae ene vet 4510 14800 | Gray and Milne 
PRA O Wiel eave aie tee 16 390 1280 | Warburg 
Class) from sie os. ee dal Petar 5000 16410 | Various 
(TASK Osa ie ah inc cee G cues 6000 19690 | Various 
I ide) 3 toe ape ee Oe meen ic hae 3013 9886 | Ciccone & Campanile 
Vulcanized rubber..... 0 54 177 | Exner 
UE Te Sa ancmpiieh Gey Mr opine cy ated iN? 880 2890 | Stefan 
Woods: 
Ash, along the fiber....] .... 4670 15310 | Wertheim 
Ash, across therings...| .... 1390 4570 | Wertheim 


Ash, along the rings...| .... 1260 4140 | Wertheim 
Beech, along the fiber. .| .... 3340 10960 | Wertheim 


Elm; along the)fiber=. \\G. o.. 4120 13516 | Wertheim 
Pir valomesthe mab ere is || meeeen. 4640 15220 | Wertheim 
Maple, along the fiber..| .... 4110 13470 | Wertheim 
Oak, along the fiber....| .... 3850 12620 | Wertheim 
Pine; alone thie: hipeneen sein: 3320 10900 | Wertheim 
Poplar, along the fiber..| .... 4280 14050 | Wertheim 
Sycamore, along fiber..| .... 4460 14640 | Wertheim 
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VELOCITY OF SOUND (Continued) 


LiquIDS AND GASES 


Substance. bigs 
Liquids: 
Alcohols GEG aise Oe 12.25 
AlCORORe re so chen 2085 
(AINMONIA, .CONC.. yes ce. o,0 16. 
Wem zines cette s ase a0 ee We 
Carbon bisulphide..... 15. 
@hilorotormer ts. sess. 3: ioe 
Tale. esi aa eee RC 15. 
NaG@l 10% Sok. oe. ss 15. 
NSClE TS, solviees.. ih 
NaCl 20% sol nce... LS, 
Turpentine oil........ 15. 
Water, air-free........ 146 
Water, air-free........ 19. 
Water, air-free........ ole 
Water, Lake Geneva.. 9. 
Water, Seine River.... RS 
Water, Seine River....| 30. 
Water, Seine River....| 60. 
Gases: 
Air, dry, COe-free..... 0. 
INSTR Tl aipage ee 0. 
Air, dry, COoe-free..... 0. 
Air 1 atmosphere...... oO. 
Air 25 atmospheres.... OF 
Air 50 atmospheres. ... 0. 
Air 100 atmospheres... 0. 
AV Bel eens yee a re 20%. 
TNS G OR 983 MG RI A aa 100. 
IAG ae Pontes eRe « sasekine ches we 500.., 
AST on syei ge Cost eo a geass 1000. 
ACTIN OWA es euekerts = "Sere 0. 
Carbon monoxide...... 0. 
Carbon- dioxide... 6... 0. 
Carbon disulphide..... 0. 
GN OEIMNC aa sleek a. Sek 0. 
IU MYMEITC speeew sew sce leaous O. 
Ely ROE RH.) he oe Oates O. 
Illuminating gas....... 0. 
NWlethame seo e bh. tok saan 0. 
INEGTIC OXEGE . os oie ae on O. 
INSEROUS, OXIDE... het. oe « OF 
CORY ETIES cee. a, shoresedel anes 0. 
Vapors: 
PRTC ORONS vats cise oe wcces OF 
Hab INCI eeesrcasscaieie s histet ce 0. 
WVIAC Te nore coca crtine ist. e 0s 0. 
NAC Ho) eye ae Sate nan eee In a 100. 
VEAL OT: ma heen Pile tageae ote le te 130. 


(From Smithsonian Tables.) 


Veloc., 
meters 
per sec. 


1241. 
1213. 
1663. 
1166. 
1161. 

983. 
1032. 
1470. 
1530. 
1650. 
1326. 
1441. 
1461. 
1505. 
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“PO w oF 


BO NO wo 


Veloc., 
feet 
per sec. 


4072. 
3890. 
5456. 
3826. 
3809. 
3225. 
3386. 
4823, 
5020. 
5414. 
4351. 

‘4728. 
4794. 
4938. 
4708. 
A714. 
5013. 
5657. 


1088. 
1087:1 
1089. 
1088. 
1089. 
1098. 
1150. 
1129. 
1266. 
1814. 
2297 . 
1361. 
1106. 
846. 


Observer. 


1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 


Dorsing, 
Dorsing, 
Dorsing, 
Dorsing, 
Dorsing, 
Dorsing, 
Dorsing, 
Dorsing, 
Dorsing, 
Dorsing, 
Dorsing, 
Dorsing, 
Dorsing, 1908 
Dorsing, 1908 
Colladon-Sturm 
Wertheim 
Wertheim 
Wertheim 


Rowland 

Violle, 1900 
Thiesen, 1908 
Mean 

Mean (Witkowski) 
Mean (Witkowski) 
Mean (Witkowski) 


Stevens 
Stevens 
Stevens 
Masson 
Wullner 
Bickendahl, 1906 
Masson 
Strecker 
Dulong 
Dulong 
Zoch 
Masson 
Masson 
Dulong 
Dulong 


Masson 
Masson 
Masson 
Treitz, 1903 
Treitz, 1903 
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MUSICAL SCALES 


(From Miller’s Laboratory Physics, Ginn & Co., publishers, by permission.) 


VIBRATION FREQUENCY OF TONES IN THE Musicat SCALE FOR 
HIGHER OR LOWER OCTAVES ARE OBTAINED BY MULTIPLYING 
BY SOME POWER OF 2 


Scientific diatonic scale. Musical equal-tempered chromatic scale. 
C3 = 256. A3= 

C3 256. GF 258 65 Cy 387.54 
Ds; 288. C#; 274.03 4. 410.58 
Bs 320. D; 290.33 As 435. 
Fs 341.33 D#; 307.59 A#, 460.87 
Gs 384. E3 325.88 B; 488 .27 
Az | 426.66 F; 345.26 Cy 517.30 
B; 480. F4, 365.79 
C; 512. 
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ELECTRICITY AND MAGNETISM 


SPARKING POTENTIAL OR DIELECTRIC STRENGTH 
AIR 


Potential in volts necessary to produce a spark in air at atmospheric 
pressure and ordinary temperatures, the potential required depends on the 
shape and size of the electrodes and increases with the pressure of the air. 


(From Smithsonian Tables.) 


Ball electrodes, 1 cm. diam. 


Spark length. | Point electrodes, 
cm. steady potential. 


Steady potential. radon Fp 
5) Aas LSA ee en San 1530 
Mee ey erieeee ene te, 2430 
ptletras brie sole 2 athe ins: 3240 
POS ett cee ne 3990 ; 3770 
PLO 3720 4560 4400 
“2 4680 8490 7510 
‘3 5310 11340 10480 
4 5970 14340 13360 
oD 6300 : 17220 16140 
6 6840 20070 18700 
8 8070 24780 23820 
1.0 8670 27810 28380 
2.0 10140 45480 42950 
3.0 11250 46710 
4.0 12210 49100 
5.0 13050 50310 
6.0 
re’ toh pal ae Aen) ae Bean 52400 
1 oe! Neca hg Aree tei a ee Sea 74300 
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SPECIFIC INDUCTIVE CAPACITY 


SoLIps 


Atmospheric temperatures except where noted. 


(From Smithsonian Tables.) 


Asphalt 


Pues. ielce tepr'e jet le) 6.19.0. He 


OG cea gece. 
hard crown....... 
lead (Powell) 
Jena, barium...... 

Gutta percha....... 
Ice—5° C 


ee © wo @ 


Ce hey PONCE Ome INC, 


Phosphorus, yellow. . 
Porcelain, hard 
(Royal Berlin). . 

Quartz: 

ELF EONAKIS.. 1, pate haan: 

PALO 2ONI8e ose Poe 
Selenium 
Shellats2 = sistea eos 
Sulphur, amorphous. . 
Sulphur, cast, fresh. . 
Wood, dry: 

red ‘beech......... 

red beech......... 


@ 10.0” Je: ec # Te Ke: ie! es 9) 0 a. 


coo ee ee eee ee 


eee 


SS ees Ot ee 


8888 


ee 


op. 00. - 
EPWNRODRMO NOENICO wb 


| 


~J 
On 
Or 
o> 
“He 
O10 


5 


why wre RWWOAR oO wWNw 


Observer, 


68/v. Pirani, 1903 


.22}Gordon, 1879 


49|Fallinger, 1902 
56|Fallinger, 1902 
5 |v. Pirani, 1903 
72|Winklemann, 1889 


.90|Hopkinson, 1891 
.96|Hopkinson, 1891 
.0 |Gray-Dobbie, 1898 
.5 |Léwe, 1898 

.9 |(submarine-data) 
,85|Thwing, 1894 
.16|Abegg, 1897 
.88|Behn-Kiebitz, 1904 
.00|Schmidt, 1903 

.3 |Schmidt, 1903 
.97\Elsas, 1891 


.0 |E, Wilson 
.10/Zietkowski, 1900 
.60/Schmidt, 1903 


.73|Starke, 1897 


.69|Fallinger, 1902 
.06|Fallinger, 1902 
.13}Vonwiller-Mason, 1907 
.10) Winkelmann, 1889 


98\v. Pirani, 1903 


.22lv. Pirani, 1903 
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SPECIFIC INDUCTIVE CAPACITY (Continued) 


GASES 


The specific inductive capacity of a vacuum is taken as unity. . Wave- 
lengths of the measuring current greater than 10,000 cm. 


(Dielectric constant.) 


Press ecifi 
Gas. eoene oe PS Se Observer. 
; pheres. | capacity. 
PAE sah Ne SEP ol 0 1 |1.000590) Boltzmann, 1875 
PR LEHIEa cle gs aiet ti 19 20 {1.0108 |Tangl, 1907 
j.'s Rear airs err ace 40 {1.0218 |Tangl, 1907 
1 0 Sey Rc tek ene a ae 60 {1.0380 |Tangl, 1907 
PEs, 7: cty eet 6 Whe Ok 80 |1.0439 |Tangl, 1907 
sa © fe ae | ce A 100 {1.0548 |Tangl, 1907 
ATATNOTI EA su! (1006 6 20 1 {1.00718 |Badeker, 1901 
Carbon bisulphide. . 0 1 |1.00290 | Klemenéié 
Carbon bisulphide. .| 100 1 {1.00239 | Badeker 
Carbon dioxide..... 0 1 {1.000985} Klemencéié 
Carbon dioxide.....| 15 10 |1.008 Linde, 1895 
Carbon dioxide.....| .... 20 {1.020  |Linde, 1895 
Carbon dioxide... .. 40 {1.060  |Linde, 1895 
Carbon monoxide.. . 0 1 |1.000690| Boltzmann 
SHthylien@ sy hase A. 0 1 |1.00131 | Boltzmann 
Hydrochloric acid.. .| 100 1 {1.00258 | Badeker 
Hydroren si rtiilces 0 1 |1.000264) Boltzmann 
Methane..;....... 0 1 {1.000944} Boltzmann 
Nitrous oxide (N20). 0 1 {1.00116 | Boltzmann 
Nitrous oxide (N2O).} 15 10 {1.010  |Linde, 1895 
Nitrous oxide (N2O).} .... 20 {1.0625  |Linde, 1895 
Nitrous oxide (N2O).| .... 40 |1.070 Linde, 1895 
Sulphur dioxide....| 0 1 |1.00993 | Badeker 
Sulphur dioxide.... 0 1 {1.00905 |Klemenéié - 
Water vapor....... 145 4 {1.00705 | Badeker 
LiIQuIps 


Where the wave-length is not specified it is greater than 10,000 cm. 


Liquid. reap: 
INE CICHACIO... Fen ctis 18 
INCOtONE tii onesie 0 
Yay Sel BMP en ee ae —191 
Alcohol: 
col lad aan a aa 0 
AUAWATA Ane ht as 3 +20 
C16 ad Di ae oie aa frozen 
SL Viy a ees 8 —120 


Wave 
length. 


Specific 
induc- 
tive ca- 


Observer. 
pacity. 


Francke, 1893 
Abegg, 1897 
.43 |v. Pirani, 1903 


Abegg-Seitz, 1899 
Abegg-Seitz, 1899 


7 
6 
4 
.4 |Abegg-Seitz, 1899 
0 
vi 
6 |Abegg-Seitz, 1899 


HANDBOOK OF CHEMISTRY AND PHYSICS 


SPECIFIC INDUCTIVE CAPACITY (Continued) 
Liquips (Continued) 


Liquid. ce 
Alcohol 
Sth Viet cS fae —80 
ehliye ot —40 
linia Rater Pept eta eee 0 
CURVE, SRNR to: +20 
ethyl iesceGgs.'.3 Ay, 
ethryhate. 2 Bo Ite 17 
ethyhed. hae A 17 
eblivie. ca tal k ro 17 
ethyl so 2Re esc 17 
meth Miia 471.5 0 
methyl sens! t +20 
propyl test 0 
PLOP Vda 8047 We +20 
AMMONIA gE —34 
Amyl acetate...... 19 
Anilin. Lo Riecnirh ee ee ieee ome 18 
Benzol (Benzene)... 18 
Bronnne ssa es.ss 23 
Carbon bisulphide. . 20 
Carbon dioxide.....| —5 
CAilorintes? | Ot a - —60 
Chioretorme. = i.) A: 18 
Ethyl ether...:.... 0 
Ethyl ether... ..... e220 
Ghyeerines a. nS 15 
‘Hydrogen peroxide 
46% in H2O.... 18 
Hydrogen sulphide. . 10 
Nitrous oxide, NeO .| —88 
Oils: 
PAStOLS 3 ire oe 11 
cottonseed... .. 14 
hirisend 36 4 Sireek 13 
DWV teas cate 20 
petroleum....... iret 
SpeTHI. ee eee! 20 
turpentine!) 2! : 20 
Onveenin a sees —182 
PHENOL ss pts es 48 
Sulphur dioxide. ... 20 
Water Tce 18 


Wave 
length. 


—) 
Seek ene 


NS 


888888 ~888 


— 

i) 
ty CO 
Ce Ge) 


O\Sc0-.3| SiG 


ww) 
BS Re Sg = 
(=) 


— 
ie) 
1,4) 


ae.) 


Specific 

oe Observer. 
pacity. 

44.3 |Abegg-Seitz, 1899: 
35.3 |Abegg-Seitz, 1899 
28.4 |Abegg-Seitz, 1899 
25.8 |Abegg-Seitz, 1899 
24.4 |Drude, 1896 
23.0 |Drude, 1896 
20.6 |Marx, 1898 

8.8 |Marx, 1898 

5.0 |Lampa, 1896 - 
35.0 |Abegg-Seitz, 1899 
31.2 |Abegg-Seitz, 1899 
24.8 |Abegg-Seitz, 1899 
22.2 |Abegg-Seitz, 1899 


21-23 |Goodwin-Thomp- 
son, 1899 
.81 |Lowe, 1898 
.316/Turner, 1900 
.288/Turner, 1900 
.18 |Schlundt 
.626/Tangl, 1903 
.60 |Linde, 1895 
.15 |Linde, 1895 
.2 |Turner, 1900 
.68 |Abegg, 1897 
.30 /Tangl, 1903 
.2 |Thwing, 1894 


Or 


0) 
me OTH AQP POW NWNN 


.7 |Calvert, 1900 
.93 |Eversheim, 1904 
.93 |Hasenhorl, 1900 


.67 |Arons-Rubens, 

1892 

.10 |Salvioni, 1888 

.35 |Salvioni, 1888 

Heinke, 1896 

.13 |Marx 

.17 |Hopkinson, 1881 

.23 |Hopkinson, 1881 

.49 |Fleming-Dewar, 
1896 

68 |Drude, 1896 

Eversheim, 1904 

.O7 |Turner, 1900 


PNWNwWwWWwWWwW aoe 
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SPARKING POTENTIAL OR DIELECTRIC STRENGTH 


Various INSULATORS. 


"Potential to puncture in kilovolts per centimeter. 1 kilovols =1000 volts. 


Substance. 


Thickness 


Ue ee 2 6 ie ae ein Se 
Reel erCiss forre G ee ee ee 
eM ON Gate Mee Set sip chs tale ews 


BN ner oot Boe VT ee ie os 
1 Oda | tae REA a eee a ee 
CTS Se ieee eens oe a 
MUP DCRLING poe Forge lg bs Oe 
BME OMLINOT Gino soba. cicaiale «ss 
Papers: 
OS ROU nee erg woe ales fs 
TOS eae a ncd a ee apts «sie o «ts 
Wri a eet ne Soi. os 3 hs 
POaTAINGD Sk ccs ech Ro sata a 
“SSL GEG, Ne) 2 ak Coe ge a 
Paraffin: 
OR Oe eS io a 
solid, melt. pomt 43°. 52.7. .... 
eolas Melt pomt 70° > els ee. 
TEREST Eo ga Ut ghee ce ats 


oe a ke aw ous 


Coe ee 8 oe = ® 'e 


Che) acs: 6 6 emf 


Sue) ie) ete eh eb ee. <a 


aioe. © 0) 0G ee PER, % 


ate) (e, Ve? einer conte) (o 


eee oe se eee 


er fecce) of ele ee) 6 


LS, ay Ohh, eels 


a lp! wis} #. oh ee Va 


eete Get iee wie) oF ee 


Sy C56) 0) oN.o\el em 6 


eer eps up aie? 


Oto Ne, | putes eur sas «: 


Kilovolts 
per cm, 


40--90 
300-1100 
20 4; 
300-1500 
80-200 

164 

* 100-200 
1500-2200 
300-700 


500 
100-250 


75 
350 
450 
160-500 | 
90-130 
140 
80 
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CONTACT DIFFERENCE OF POTENTIAL 


MeETALS 


The values in the table give the potential in volts of the metal at the top 
of the column with respect to the metal named at the left. 


(Tabulated from results by Pellat, 1881.) 


Anti- Bis- 


. may ee Brass. aaa Gold. Tron 
IMS NCOOONIAS Oey A Be 0) —.08 — .06 —.30 —.48 —.15 
Bisimia th eo. cy tere +.08 0) —.07 — .22 —.40 —.07 
STrass angele eee +.06 | +.07 0 +.15 } —.33 0) 
Copperas scunon.e a + .30 +,22 —.15 Oo}; —.18 +.15 
OGRE ys gatos Wore +.48 +.40 | +.33 +.18 0 +.33 
ETON) ceva hie eee +.15 +07 0 —.15 | —.33 0 
JOE Ke ee Marncetin eee: -onarts — .26 —.34 —.41 } —.56 | —.74 —.4l 
INDGISGIh ys AAS Gtk ieee +.06 —.02°| —.09 —.24 —.42 — .09 
Pla cimemin wae wake eee 46 +.39 +.32 +.17 —.01 +.32 
Silwer New ccs case eee +.50 +.42 +.35 + .20 +.02 + .35 
TRG ee Ree eis —.16 — .24 —.31 —.46 — .64 —.31 
ITN Clee Seay owe oo & eS —.41 —-.49 — .56 —.71 —.89 —.56 
Carboncte te i: ke Cae) dca ore locas Pera +.41 SS desig ieee +.48 
IVE GRGRUIENE xe ast hla ele ene een ae ee ea ee eae ser Sea eees +.50 
Lead. | Nickel.| F!8 | giiver,| Tin. | Zine oe 
PNrmnghsneyihiey oe nc +.26}| —.06 —.46) —.50} +.16) +.41 
Bismuth se. cese 5 cake +.34} +.02 —.39| —.42] +.24)| +.49 
BRASS ac here ete We +.41} +.09 —.32) —.35| +.31] +.56| —.41 
Copper eak: see oe +.56| +.24 —.17) —.20) +.46) +.71| —.37 
SOLS raat Se Re Cee +.74| +.42 | +.01} —.02] +.64] +.89 
Tron ester. te eek ct +.41}) +.09 —.32}| —.35) +.31) +.56) —.48 
1G 26 Bee anew tang tro BENS NN O| —.32 —.73| —.76} —.10} +.15) —.85 
INGER ye ic tees een bee + .32 0 —.41| —.44| +.22) 4.47 
Platina 2 :stoe tees +.73) +.41 ; 0; —.03} +.63] +.88] —.11 
peru alee Sey se Roe e en Re +.76) +.44 | +.03 Oo) +.66) +.91 
TT eee eee oes eat cake +.10) —.22 —.63) —.66 O; +.25) —.79 
LINC OR oe bees —.15| —.47 —.88) —.91] —.25 ~~ O}-1. 
Carbone es Sol Rea eens SV & 3ea +.79|+1.10 0 
MT CL GURVArtcpe Peis ately seo ape enone -. 16 Seis ee -- 09 


* Ayrton and Perry. 


DIFFERENCE OF POTENTIAL BETWEEN METALS IN 
SOLUTIONS OF SALTS 


. The table gives the difference in potential in hundredths of a volt between 
zine in a normal solution of sulphuric acid and the metal named at the 
head of the columns in the solution named at the side. 
refer to the external difference of potential. 
(Magnanini.) 


Strength of the solution in 


The signs given 


Difference of potential in centivolts. 


gramme moiecules per liter.| Zinc’ ced. 
0.5 Sulphuric acid....... 0.0 | 36.6 
1.0 Sodium hydroxide....| —32.1 | 19.5 
1.0 Potassium hydroxide..| —42.5 | 15.5 
0.5 Sodium sulphate..... 1,4-123056 
1.0 Potassium nitrate.... 3 a ESP hag wy ee 
170 Sodiuntmnitrate! ns 1A Oa sooo 
0.5 Potassium bichromate. C2 Oe UO 
0.5 Potassium sulphate... 1.8 | 34.7 
0.2 Potassium chlorate. ..| 15.—10.| 39.9 
1.0 Ammonium chloride. . 2.9 | 32.4 
12: 0-Sodium=chloride.ce sei aceies S19 
1.0 “Potassium. chloride. -tal-!s nn S2ek 


ANWWHOKORDMODW 


DWOIOHOM RNIN 


HOnNwaianrmwowotn 


fe rmyy: Cop- _ 
Lead. | Tin. per. | Styne 
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SPECIFIC RESISTANCE AND TEMPERATURE 


Resistance in ohms of unit length and unit cross-section at O° C. 


COEFFICIENT 


For 


METALS 


Metal. 


PEAPITATINU k ga ad 
J a ee 
| 8301 aes Be rr 
Peemiiie ) et 


Copper, annealed... ... 
hard Grawtl..>. .. <2. 
Preset has ce. sl: 

Sppeerornone... 2: sce. 

German silver........... 


Iron, commerctal...... 
(SE WAN cme i.e. 


SMiagnesium: :. 0... 
| GEO 1) i are 


oD, Sh eee 


Tungsten... )o.. ip eke 
SOC aa oe eee ae ee 


Specific resistance. 


203 


Variation of 
resistance per ohm 
per dgeree C., at 
205.-@. 


.0039 
.0039 
.0042 
.0045 
» 0010 
.0042 
.0033 
— .00001 


.0041 
— .0005 
.00036 
.0037 
.0055 


. 0042 
.0039 
.00003 
.0009 
.0060 
.0038 
.0012 
.0040 
.0016 
.0042 
.0027 
0043 
. 0039 
. 0040 
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RESISTANCE OF ELECTROLYTES 


Resistance of aqueous solutions of various salts and acids in ohms pez 
centimeter cube for a temperature of 18° C, 


(From observations by Kobhlrausch.) 


Number of grams of salt in 100 grams solution. 


Salt. 
5 

ACEC Ad “sao es Sy. ay 
Ammonium chloride. .../10.89 
Copper nitrate......... 27.4 

SUulpWatesncs he ese §2 9 
Hydrochloric acid...... 2.54 
Potassium iodide....... 29.5 
Silversnterace:. =...5 see oO kO 
Sodium carbonate. . Zone 

chloride sw wa: <s steht 14.94 

hydroxide..... 5.08 
Sulphurte"atid.. .. 222): 4.79 
Zine chloride........... 20.70 

Sulphateiains onucserse rs we Dono 
(Concentration)........ 6 2 
INGtTICeaciditem ater ee Bre 
(Concentration)............ 8.4 
Potassium hydroxide....| 3.67 


5.63 


18.6 
1.45 


12 4 
1.84 


12.6 | 16.8 
2.66) 2.19 


9.17 
1.31 
6 


24.8 | 31. 
1.30) 1.25 
2l. 25.2 
1.96} 1.85 


37.2 
1.32 

29.4 
1.84 


40 50 
925. |1351. 
1.94 
3.16) 2.55 
O39} Ova 
8.61 
B47 185 
11.83) 15.87 
43.4 
1.43 
33.6 
Gh 


SAFE CARRYING CAPACITY OF COPPER WIRE 


(Fiom Collins’ Desiga and Construction of Induction Coils, by permission.) 


| 


Area in 


circular mils. 


Brown & Diameter 
adn in mils. 
18 40 
LZ 45 
16 51 
15 DE 
14 64 
13 (2 
wes 81 
i iB 91 
10 102 
9 114 
8 128 
i 144 
6 162 
3) 182 
4 204 
3 229 
2 258 
1 289 
0 325 
00 365 


.624 
.048 
583 
257 
. L06 
.178 
.530 
234 
.380 
.090 
.510 
.820 
250 
. 100 
740 
.630 
.310 
.690 
.500 . 
. 100 


Number of 
amperes, 
exposed work. 


Number of 


amperes, 
confined 
spaces. 
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RESISTANCE OF VARIOUS SUBSTANCES 


Souips 
Resistance in ohms per centimeter cube. 


Substance. ~PYTemp..° 0, Resistance, ohms. 
CIMUGIOE- A ece es eee | 16 2-80 « 10° 
LOD OTE Pe et Re es angen eer a (ra 2-30 « 1015 
CUSED g, 0 gsi CGS oe naan Saran 2-10 X10’ 
CECE pee Sie i a a 20 9x 10! 
POR Sih Aire. pitta fst iay Athy —1 5x 109 
(GN ot ag: Biesiemealana alle tela aaa di Ot aaa ama 5-10 «1018 
Paper variable with dryness.,| ........ 1-1000 x 109 
AIMEE Rime eBid Bi) Sk G82 akg gra Wome! a alae 3-300 & 1016 
Reet ELS oie... Sat te eg ee os 1-20 « 1016 
OTe CLAINY ete Aitieeis 2 oe nes 50 21015 
OT OUTTE Es anne ee 210 6 x 109 
[S5)c015 "OD a se ae a 20 2% 108 
Caria Oryatal oo... ks sa 20 11014 
Ot Veet 2 SE a 101 4x10! 
TOG Wa lhasn vat: weasel, oe. 20 9x 10!6 
SUL ES See Pa ea De ere 2-4 « 108 
Perenae, Pricmatic. et a lee | 70-390 x 1018 
SUEDE NCTM Gan aap inceaeer Ge Os oat GISGANE Raie gte Sonn gege (resistance too high 
for measurement.) 
(De 1 3 = ar a A 16 21012 
CORTE GSS, OES ik eo a a .5-10 X 108 
ORS Se ae Reet re Matar rare 5-10 «108 
Aireaniin OxWe.... |... 22 at = 1200 1.2103 
LiquIps 


Resistance in ohms per centimeter cube. 


Substance. emp. ©. Resistance, ohms. 
ICON OMverny lik 3: Fee ws 15 Sie EONS: 
PVCU g GSMS RS Re, SEIS oe Sn .14x 108 
iy Goo 6 NE gee Oe a aie SS es 5c, LO 
TORS TS Tis asain eager a Aa eta Rae eo 1x 1016 
CREE CE GEAR Mees noe Spas ee Gan a ae Ze 10% 
Water distilled... 4 18 On LOS 
Fusrep Sats 
(Poincaré.) 
Substance. ; Temp. ° C. Resistance, ohms, 
Calcium chloride........... 750 .862 
Potassium bromide.....,... 750 .714 
ehlorate-fused sn. sree . 855 2.20 
Pilver-mtrate:-. .2os 5.5 350 ,820 
Sodium chloride fused....... 750 . 204 
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THERMOELECTRIC POWER 


The table gives the electromotive force in microvolts per degree difference 
in temperature between the two junctions, for various metals with lead. 
The temperature given is the mean temperature of the two junctions. 
A is the thermo-electric power at 0° C. and B the coefficient in the equa- 
tion for the thermoelectric power at any temperature, 


Q=A-+Bt, 


where ¢ is the mean temperature of the two junctions. The thermo- 
electric power of any two metals in the table may be found by subtracting 
the value for the first from that of the second, a positive difference indicating 
that ae current will flow from the cold to the hot junction in the second 
metal. 

The sign of the values given is so chosen that if A is positive the cur- 
rent flows in the metal listed from the cold to the hot junction. When B 
j8 positive Q increases with the temperature. 


(Principally from the Smithsonian Physical Tables.) 


B Thermo- 
A ane ew electric Neu- 
Metal. THIET Soles Temp. ° C.]| power, tral 
volts. ° | : micro- | point. 
per *C. volts. 
Almamarn Umit.) Sess ek 0.76} —0.0039| 20 0.68 195 
Antimony comm’'|.-press- 
COWES AIS e eae his nen ceil aee egoga eal ote aeons 20 —6.0 
OLINGER IRE oy are 8 nn (aman —0:018..| —100--+- 100}. —1.49) 
Argentan).2.7.8/se) se: J1.94}| 0.0506} 20 © 12.95 |— 236 
ATSIC eed artis toes wee SG a ete | Eee 20 13.56 
Bismuth comm’1.-press- 
CE WIESE S: Mecat hoe eh eRe oie aeons 20 97.0 
puréspresseds wire? ...°. 8) ee wm wee 20 89.0 
POM TMOIE AS ea. idee Shere eer o/h ae yecoreahine 50 39.9 
Brasaoeen stots Son ee cas ell Sareane —0.0026] 0.260 - —0.65 
Cadman eis aie a8 — 2,63] —0.0424] 20 - =3 485 | —~ 62 
Cobalt2 agence ocak tia P| ae eee teak Teens 20 228 
CONSEAINEID i coor hice rcaencee ss] oe acest ae ae 50 +19.3 
Copperas # y.cccm er ore — 1.34}/-—0.0094| 20 —1.52 |— 1438 
COMMErCial? ae ra asst] Pee ee. eaaietee 20 —0.10 
Germanysilvierss 422 sh [eee +0.019 | —100=+100} +-10.7 : 
Golde ese aed etait — 2.80/—0.0101} 20 —3.0 |— 277 
PRO Teeres et he Ree —17.15| 0.0482} 20 —16.2 356 
pianoforte wire?, Bee ae NEE tae at gr iar AA yAW) =—17:35 
Magnesiam: 01. eo ka = 2.22| 0.0094) 20 —2.03 236 
Marie amma. > meee eee ees cases 0.003 |—100-=+100 na Ips 
WICTRCUIY.2.c8s5 co eiscee bois | ec pon Meera 20 * “0.413 
INiekiel#@ec 2 ein. 5 crepes ti | Move Sat ead eee 50 15.50 
Paladiamiss thie eer. ee Gels) “O26355\2 2 6.9 |— 174 
Platinuiii, puree ws. ee ol eee +0.011 0-200 +3,04 
Platinum-iridium alloys: : 
8595 Pt 15 ZI oes. — 7.90] —0.0062} 20 —8.03 | —1274 
90% Pt+10Girh ~ 5.90} 0.0133] 20 —5.63 444 
GLE TTT ie ene, 5 oe ein Uae ee ae 20 —807. 
Silverton. micas eee — 2.12] —0:0147)~ 20 —2.41 |— 144 
PiUre TARTS Kewl he Se lle ee een ate ace 20 » =—3.00 
Stee a re eae 152 7 0 90825) 6-20 — 10.62 347 
"Pell aria tap hs veseomets teuces | ser cmee tee eee ee eye 20 —502 
Tinpicommercialt).. pss. - |. eee | eee ae 50 —0.33 
Pig), Be eee 0.43] —0.0055| 20 0.33 78 
FINO 65 Ce Me i ee eeavelaue — 2.32] -0.0238] 20 —2.79 |— 98 


OBSERVERS: / Tait. 2 Matthiesen. 8’ Dewar & Fleming. 1895. 4 Ed. 
Becquerel. 5 Steinmann. § Noll, 1894. j 
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MAGNETIC CONSTANTS OF IRON 


Permeability of Transformer Iron 
Giving M, the total magneto motive force applied. M/l, the magneto 


motive force per unit length of iron circuit. 


B the total induction, B/a the 


induction per unit cross-section of iron, M/B,the magnetic reluctance of 
the iron circuit and Bl/ Ma, the permeability; showing the typical relations 
of the magnetic constants for varying field. 


(From Smithsonian Tables.) 


. ie Oe Saas: 

feluctance ility 

M. ca B. Bia M/B=K. | Bl/Ma 
20 0.597 218 103 1406 0.917 K10-4 2360 
40 1.194 587 3790 0.681 3120 
60 1,791 878 5660 0.683 3180 
80 aside) 1091 7040 0.734 2960 
100 2.985 1219 7860 0.819 2640 
120 SrOSZ 1330 8580 0.903 2410 
140 4.179 1405 9060 0.994 2186 
160 4.776 1475 9510 1.090 2000 
180 DEObe 1532 9880 1.180 1850 
200 5.970 1581 10200 ee ri®) 1720 
220 6.567 1618 10430 1.360 1590 
260 bas Gud: 1692 10910 1.540 1410 


MAGNETIC PROPERTIES OF IRON AND STEEL 


Sample. 


Electrolytic iron... 
The same annealed 
Gast.steel’> mes. . 
The same annealed 
Steel hardened 
uUSstwITON: .- kes s cs 
The same annealed 
Electrical iron in 

annealed 


(From Gumlich, 1909.) 


Coer : Maximum 
cive Residual permess Pres 
force bility. 3 ; 
eet Bae 2.83 | 11400 1850 19200 
eee te 0.36 | 10800 14400 18900 
im bd 1.51 | 10600 3550 18800 
Brahe. Op SH, 11000 14890 19100 
eye kk 2/4 7500 110 11700 
aes hee 11.4 5100 240 10400 
ere OEE 4.6 5350 600 11000 
sheets 
ied via 1230 9400 3270 18200 


4rI for 
satu- 
ration. 


21620 
21630 
21420 
21420 
18000 
16400 
16800 


20500 


SATURATION CONSTANTS FOR MAGNETIC SUBSTANCES 


Field n=) (eoeee? 
Substance. tensity. eigen Substance. 
(For sat/uration.) 
Cobalt... 9000 1300 Nickel, hard... 
' fron, wrought...| 2000 1700 annealed.... 
CAS cokes ade 4000 1200 Vicker’s steel.. 
7000 200 


Manganese steel. 
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Field in- 
tensity. 


Induced 
magnet- 


ization. 


(For sat|/uration.) 


.| 8000 
.| 7000 
.| 15000 
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MAGNETIC SUSCEPTIBILITY OF VARIOUS SUBSTANCES 


METALS 


Magnetic susceptibility or the ratio of the magnetic moment per unit 


volume to the magnetizing field is given for various substances. 


The value 


is negative for diamagnetic bodies, positive for paramagnetic bodies. 


(C. G. S. Electromagnetic units.) ~* 


Substance. Te MAPA eo Observer. 
PNIAITOMDUII: ac sty Se Fe Mooi beni a cee —1.8xic-§ 
ADCUNONY oe cos cin es —4.6 Curie, 1895 
f BEWShG OULU AEM Berd Se chars hci eRe ete (Oe eee am —13.3 Curie, 1895 
Copperye tt mao ee Gee —1.33 Becquerel, 1855 
OU RA he ore ha ate eye eee —4 5 Hanriot & Raoult, 1911 
TiC Rees toe, es ee hae ae ate —1.21 Becquerel 
INI ORGUTY toto orton es LS —2.1 St. Mayer 
SPL AGOADIN at each tacit eta ee| Teena +29 0 J. Kénigsberger, 1898 
Selenium jn... ase ee 20 —1.54 Curie, 1895 
Silviereeiy.. Mics oe Te tail bs Ree eee —1.8 Becequerel, 1855 
Letra nd ee ees ares 20 —1.94 Curie, 1895 
VAN ean Sane Pat bee tem he Se Le EIR Sa —1.16 Owen, 1912 
Ironyanniealed.a:, cess Wc +37.4 X10! |For weak fields 
Nickelts see 762s bee sey aie +4. X10! For H =100 C. G. S. 
Steel tempered ...6 bie...) cc es +3.4X10' |For weak fields 
INORGANIC COMPOUNDS 
Substance. Temp. | Susceptibility Observer. 
LC (vacuum =Q). 
IBOLICLaAGldE ey ake eee —0.88 X10-6 | Meslin, 1906 
Cobalt sulphate (7H20)..| ..... 76.3 Meslin, 1906 
Copper sulphate (5H20).| ..... +13.4 Mile. Feytis, 1911 
Merricachloride@ 2-350 oe (ce ee +287. Meslin, 1906 
Ferrous sulphate (7H:20). >}. +95.3 Meslin, 1906 
GIBSS fee titi. ate a oteae Ves cree —9.15 Faraday, 1853 
Nickel sulphate (7HzO) .| ..... +37. Meslin, 1906 
Potassium bichromate,..| ..... +0.36 Meslin, 1906 
Potassium chloride..... 18 —1.09 Curie, 1895 
Potassium ferrocyanide .| ..... +16.0 Meslin, 1906 
Quarters seal hina 20 —1.20 J. KoOnigsberger 
Sodium chloride........ De —1.02 Meslin, 1906 
Liquips 
Substance. Temp. | Susceptibility Observer. 
4 OS (vacuum =0). 
AGebiC acid tee. jet tee oe en ae —0.61 Meslin, 1906 
Alcohol, eth ytis. tt. eee —0.65 Meslin, 1906 
Ben Zenedar cee. Movie cee —0.69 Meslin, 1906 
Chloroformis nce eke eee —0.86 Meslin, 1906 
IE the TiGg....ch eee bie Ce eee oe —0.61 Meslin, 1906 
Glycerine...... Tras had here sal cee peter —0.81 Meslin, 1906 
Sulphuricmcidias cc levee —0.77 Quincke, 1885 
Wia tery icc tances 20 —0.72 Piccard, 1912 
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VARIATION OF RESISTANCE DUE TO A 
MAGNETIC FIELD 


BISMUTH 


The table shows the proportional values of the resistance for values of 
the magnetic field from 0 to 35,000 and for different temperatures. The 
resistance at 0° C. and H =0 is taken as 1. 

Proportional values of resistance. 


(From Smithsonian Tables.} 


He: —192°| —135°} —100°| —37° 0° +18° | +60° | +100°} +183° 
Gauss. 

0 | 0.40 FOO! | OO70-% 02:83} F.00 1 OSM 2O 42 erie 79 
2O0Os) P16 4140.80° | 0.861 .0-96 | 108 Liat 26 1.43 1.80 
4Q00C 232 4" 1230 1.20 POLO 1 Sele Te Del, 1.31 46) 22382 
6000 | 4.00 |; 2.06 | 1.60 12229 Ee eos ak axe 1.39 eal 1.85 
AOC OO eeeso teas OO |. 18:50. ).0;743 |) 1742.) 1246 1ST, JARS 
10000 | 8.60 | 3.80 | 2.438 DEE 2s od Ges) Ob 4 ey 1/62.| 289 
12000 |10.8 SEKO“\, 2393 8 oY Soar bel aay fa Ker L62- |) 167 1.92 
14000 |12.9 GUase wx2oO a -2rAitG Sia) 1780 hls 70 be Sahnhoe 

16000 {15.2 O95 ei 43 OT e238. 2.02 | 1.938 1.79 1.80 | 1.96 
‘18000 |17.5 Setoniecres GalreooO. jee LS 22 06 1.88 1.87 | 1.99 
20000 {19.8 Fe50 = OeeOrie ee SL ho Bae 2s 20 OF 1.95 | 2.08 
25000 {25.5 iS LOU Bot DOeer Go. let De 2228 heen ROO 
30001) |30.7 este, 9.8 Ae Oe Ld. DSO Wn Beto gece coke 
BoHU0OEiod. oe | 2Oe oo. le: 2 AE O5UAT Oe 13. 2a 269) le2745e 2a 25 


Various METALS 


The table gives the per cent. change in the resistance due to a field of 
10,000 gauss with respect to the value at 0° C. and H =0. 


a (Grumach.) 
Metal. Per cent. || Metal Per cent. 
change. change. 
(CEG hoolhthnecy remy. eee +0.038 LAGWMGNG AIR Age) saat ee) Gero +0.001 
Cobalt oe 5 aoe Fa —0.53 Platinum 7 24 5 ocean +0.0005 
Wopperscas os oki. +0.004 SLLVOt cor tues eee oe +0.004 
GOL et teehee eee +0.003 PRANCAIU MI ce eee ees +0.0003. 
IUGEY Aviom. Seen awe +0.0004 SEU sends, chock a: Generates +0 .002 
NGI Gliene oe cael «vis eee hs —1.4 Zinc. Ti aN De MAP Ty er ha +0.01 


INTERNAL RESISTANCE OF VARIOUS VOLTAIC CELLS 


The internal resistance is subject to large variations; the values given 
can be considered only approximate. 


Cell. Resistance, Cell. Resistance, 
ohms. ohms. 
Edison-Lalande. .| 0.03 CTPOVEC = cole. 0.1-0.2 
agree ne 0.85 Bunsen. — 3558 0.1-0.2 
CEVA Uys ou oct I-5 Bichromate.....| 0.08-0.40 
Silver chloride...| 4. Storage: 6s sua 0.004-0 .02 
BLO a re) Se eae ae 0.2-1.0 |} Clark standard..| 20-50 
Leelanehé: ....... 0.4-0.2 || Weston standard | 20-50 
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HALL EFFECT 


If a strip of metal of thickness ¢, in which a current 7 is flowing (longi- 
tudinally) is subjected to a transverse magnetic field H, a difference of poten- 
tial # is produced at opposite points at the side of the strip. H=RxXHi/t 
where & is aconstant specific with different metalsand H, H,sandtin C.G.S. 
units.. The table gives values obtained at ordinary room temperatures, 
18-24° C. If the value of R is independent of the field, or nearly so, the 
field intensity is not given. The positive sign indicates that if a strip of 
metal were considered to be in the plane of this page with its long axis 
horizontal, the primary current flowing from left to right and the magnetic 
field directed away from the observer, normal to the plane of the strip, 
the upper edge of the strip would be at a higher potential than the lower. 


Field 
Substance. |strength, R. Observer. 
gausses. 

PLU LOTTI ULI sete ll ook —.00038 |Von Ettinghausen & Nernst, 1886 
Antimony..... 1750 +0.219 Barlow, 1903 
Bismuth....... 1650 —10.27 Von Ettinghausen & Nernst, 1886 
Bismuth: ~....,. 11100 —4.95 Von Ettinghausen & Nernst, 1886 
Gag mii ee ees +.00055 | Von Ettinghausen & Nernst, 1886 
Garbonewe ne eee tee —.17 Von Ettinghausen & Nernst, 1886 
Cobalt i 228.25. 3463 +.24 Hall, 1885 
Copper stat lou ke as —.00052 | Hall, 1885 
(OL Ee en ere eae — .00066 | Hall, 1885 
Trop). Sern 6290 +.0108 |Zahn, 1904 
1 BSE Ke Oe ne ihe eee .00009 | Von Ettinghausen & Nernst, 1886 
IMevonesiuniieayes|> ect ata. — .00094 |Von Ettinghausen & Nernst, 1886 
INickele ie 10620 — .0047 |Zahn, 1904 
Platinama set" Sees, — .00024 | Von Ettinghausen & Nernst, 1886 
Silvers es —.00083 |Vcon Ettinghausen & Nernst, 1886 
Mell wriiiniows.ccoieasee ee < c +530. Von Ettinghausen & Nernst, 1886 

AT eee eee a eocte ace — .90004 | Von Ettinghausen & Nernst, 1886 
WEANS Ce ee at ee | eae a +.00033 |Barlow, 1903 

ELECTROCHEMICAL EQUIVALENTS 
Grams per coulomb. ; 
Element. ae Equiv. Element. ao - Equiv. i 

Alumimum /\> 3+). 098610 =" slromn A% 2 3. |. 1929 103 
Antimony..| 3 .4153 ead soso. cA) ee £0731 
Antimony..| 5 . 2492 Magnesium.| 2 . 1260 
Bismuth? 23 . 7185 Mercury....| 1 | 2.0788 
Cadmium..| 2 . 5824 Mercury <. 21) <2 1.0394 
Chromium.| 3 . 1796 Nickel vie. 2 . 3040 © 
Cobalt. and 2 “30D Oxy get chen . 0829 
Copper 1 . 6538 Platinum...| 2 | 1.0104 
Copper 2 . 3294 | Sul Vereen 1 1.1180 
Gold...... 3 |. 6822 Tin 3s pepe 2 | .6166 
Hydrogen. .| 1 .0105 DD ieee he: 4 . 3083 
TROns Gs yas . 2893 LNG 6 Ae 2 3387 
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MAGNETIC INCLINATION OR DIP AND HORIZONTAL 
INTENSITY 


The mean or limiting values are given for the territory’covered by the 
State named. The horizontal intensity is given in gausses. The table is 
ue from the results of the U. S. Coast and Geodetic Survey for 1911 
and 1912. 


. Horizontal 
State. Dip, degrees. intensity. 
JANUS ONS 0 ah al Re Sem, oat cea tar G2.) b0- OG. SDB) 3 PAG 
JENIN RES See ees ou a 67. 74. .16 O21 
ENACT Bie SU ALS, 6 SU ee ae 59. PALL 
PAT ICATISAG A Pe ates creme coisa 63. G5; . 24 20 
CAMLORNIA AM oe nse Gira cet FSI. 62 25 27 
CCRONIGSEEG ONE ae AE as ty tl Aa te eS 67e 68 22 23 
Connecticlte ee a. aeons bees (pss dis ilgé 18 
IVS aw ewe ees chica owerich aree eis 70. 71.5 19 20 
NUOETG eet AoC ea Os 5c ne Ok EN 58 27 29 
GEOR tai riearae esi ists tee Shes Be 66 23 26 
La walter ee oes tesa. fie iy Stas 39. 29 
cla Omarte etree cee ereere or eke ae 69. 2a 
UCT Dee mew oe ens act. cues ee 69. We 18 21 
WOES 5 RS RES ee ale. on 18 20 
[SSCS EGR a MEE ial at a ino a 67. 69 21 23 
UROIeKyaren tise grokienn ocr nics 68. On . 20 oo) 
Wisin Ompaatesee ee ta. ea ke woe aa ee 74, 76. 14 AG 
iter yarn dere eres Grewia hatches b iorens ORS 20 
WMassachusetts: 22% o..0...26... Uae altel 
INdeehiccenmpeiee en oie fase ease Heke lao: eaeaes (Be 76. Ge .18 
INDISSISSUDD DUR acca tac cee eS ia sysnateys. Sones 61. 66. .24 . 26 
INURSSOUUEMeRce nee aires. ciiNerase- iy Go eax 67. “fal .20 22 
NWROMtAIS oc: fos 6 Es, ene gee deg an LOS Gee aS .20 
ING basin wee te iia ciauesuee 70. Thule Bey 
Newer ELaImpSiiless occ). . ces oe ace 73. 74. aL =a Wh 
NIG Wa CESGW stat ues sueteis (6 cuss chop avers wale .19 
ING WaPVICXICO gs sciess csc erhie sexe ees 63. 65. 24 hoo 
ING WHNGOL Keen meio cis lols Sate qickae 74. 16 ila 
INOrthece arolimac: a eccissckecs a ie 66 68 21 23 
INOrt hal) akOtaiere 6 ec ku soa awa’s 74 ihe 15 16 
QUITIOUB 656.5 eb as oSee ee  ee ele UB 18 20 
COURIEN NOLO Ss he elec eietetek een rs baat (33, 67. Ds: 25 
(ONGRORS os as b ceo Sinica 68. 69. 2 
BETIS WVU ares wicas aisvero aye weve ele Ws .18 .19 
PE nae See Saw steve yedat og ont oe 0. 250 mold .39 
WEOMCOREAC Olles Gira satis alum ences ai oieks 49, 50% .29 .30 
Sout Aarons... kee ee ee ee 66. 67 23 
SOM a OU A fa eee cones en amet ones 3 71. 74 lef 19 
PREIITE GREG Bia cee on.) eer sieorenbreaet yet ¢ 66. 68 a 23 
4 ESSE, 1 a a eee SIRE ae 57. 63 25 29 
(Witalhine tates Matta tice a iue netics ian 66. 67 22 23 
Wietainverntt® a2 ste Raa ey Orne ioe UG). SANs} Fale, 
Witenes cttw decsesreh «ceive. oe 68. 70. D0) JPA 
Wisish tm eGo lise otatns ie ei cs sions vers dale .19 
VES VEO IITA | tee crsra os aile s-ae8 chores 70.5 .20 
WVISCOHSIM deat atic ee ok ns Tee. 76. a 1s} Haley 
Uv OTMDIN Oe eee eter. chee ts: 'e ce ohetane 68, (Ps .19 22 
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MAGNETIC DECLINATION 


An annual decrease in declination is indicated by the negative sign, 
an increase by the positive. 


(From U. 8. Coast and Geodetic Survey) 


Magnetic declination in degrees 


and tenths. Ann. 
State. Station. hee Chge. 
5 (1910) 
1870 | 1880 | 1890 | 1900 | 1910 
Al aerag tke © Montgomery....| 4.558 | 3:9-E | 3.2. EB). 2:8 EF /.2:9 Eh — Vor? 
FATA Sika ae TIS LL ac aicke the hn ieieicas 29.0 E |29.3 E /29.5 EF |29.7 E |30.2 E 
Teociek: ee ete: 25.6 EB |25.1 E (24.7 E /24.4 BE /24.1 Bb 
Unalaska......./20.1 E |19.6 E /19.0 EF |18.3 E /17.5 E 
St. Michael..... gem (QAR 123-1 2 ornate ae 
IN GWA ah oes Eolbrqokies 13.8 E |13.7 E |13.4 E |13.5 E |13.9 E | +.072 
Prescott........|13.7 £ /13.6 E [13.5 E |13.7 EF (14.3 EB | +.077 
Arkchec as: eialattle: wiOCk= asses 8.2E| 7.6E! 7.0EF!] 6.6E]-6.9 EF | +.023 
Caliah te, Los Angeles...../14.4 E |14.6 E |14.6 E /14.9 E'}15.5 E | +.083 
San iose ems. ence. 17.3 E |17.5 E |17.5 E |17.8 E {18.5 E | +.075 
Galen na. Rieddinie’® «2. « 18.1 E |18.2 E /18.3 E |18.6 E J19.3 E | +.075 
Coloiwee. Pueblo........./13.8 E 113.5 EB /13.0 E |12.9 E |13.3 BE) +,050 
Glenwood Sp. .. .|16.3 EF |16.1 E /15.7 E |15.6 E |16.1 E | +.062 
Conns) 2 lalehantevcokye ers. 8.7 W| 9.4 W}] 9.8 W/10.4 W]11.0 W| +.097 
Dela ese LDOVer wht. acc 4.7 W| 5.3 W} 5.9 W| 6.4 W| 7.0 W| +.080 
Aer si Washington..... 2.4 W] 3.0 W| 3.6 W| 4.2 W| 4.7 W| +.075 
CRRA ae oe Jacksonville. 3-62: 2B 128 E83 Bee — ae 
AMPA cee 3.9K} 33E) 2.8E) 2.3E | 2.08 | —.013 
Gate see Macon. .... a3. 4] °3:QsR 9312 Fi 236 rs 2 ee Outs 
Hawaii Honolglas. tee. 9.5E | 9.8 E |10.1 E |10.4 E 10.6 E 
Tdahoes. a weocatellos 224,06 17.8 E |17.9 E /17.7 E |17.8 E |18.4 E | +.067 
Oise ee oe ee 18.6 EF 18.7 E |18.6 E ]18.8 E /19.4 E | +.075 
cA eSeay ree Bloomington....| 5.4E/] 4.7E| 4.1E] 36E] 3.4E/]—.013 
Ind. #5... andianipolissce. < 322.5) | 2.6" E> 2.0-3)2 1.4 i 20 
1G epee dence Des Moines..... 9.7K | 91E}] 84E)] 7.9E} 8.1E]+.017 
Kans oe ERD OFS. see eee 11.2 Ej10.7& |10.1E| 9.8 E /10.1 E | +,030 
Ness City: <3. .. 12.2 EF }11.9 E j11.4 E ]11.1 E /11.4 E | +.040 
TRY es ee MexinetOM, can ck 25H} 19E] 1.2E] 0.7E| 0.5 EF | —.033 
Princeton... .-46- 5. Gk) 0.0 e425) Hal 36-0 eed kyu ete 
Waar oree sok Alexandria...... 8.0E| 7.4E}] 6.9EF} 66E]| 6.8E|+.030 
Ve sueie saes PiaStDOLrbtes a,c 18.2 W/18.6 Wj18.7 W|19.0 W|19.4 W/ +.100 
Porbland'y. sacs 12.8 W]13.4 W}13.9 W/14.4 W|14.8 W| +.100 
MiGs aeeonee Baltimore. sa 3.8 W| 4.4.W| 5.0 W| 5.6 W! 6.1 W] +.075 
Masa cere el BOStOR Us| 2 acne 11.0 W/11.5 W/12.0 W/12.6 W/13.1 W| +.100 
Pittstield. As ea. 9.3 W/10.0 W/10.4 W/11.0 W/11.5 W| +.097 
Machine: Marquette......| 46E/] 3.8E| 30E] 23E] 2.00B | —.027 
Parsing 5. eer 21E} 1.3E]05E!/] 0.0EF] 0.4E}]+.040 
Minn x... Northome....... 10.0EK/| 93E] 86E] 80EF} 8.1E/+.017 
Mankato s+: nue 10.9E]10.4E/} 95E} 90E] 9.1 E}+.020 
Miss Jacksons ius ss 7.5E| 69H} 64H] 60EF} 6.2E)+.017 
MOR aie Seeolieye Ss Sees sake 94E] &8.7E!| 8.0E| 7.6E] 7.9E]+.020 
Mont? =.08|\Rorey.thyse. eee 18.6 E /18.4 E |17.9 E ]17.8 E /18.3 E | +.050 
‘Helena mae sere 19.8 E']19.6 E |19.4 FE |19.5 E |20.0 E | +.062 
Nebric teen iastinigs. sia 11.7 E /11.2 E |10.5 E }10.2 B 10.5 E | +-:033 
Alliances <0,.52h as 15.3 E |14.8 E /14.3 E |14.2 EB 14.5 E | +.043 
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MAGNETIC DECLINATION (Continued) 


An annual decrease in declination is indicated by the negative sign 
and an increase by the positive. 


(From U. S. Coast and Geodetic Survey.) 


Magnetic declination in degrees 


and tenths. Ann. 
State. Station. Chge, 
(1910) 

1870 | 1880 | 1890 | 1900 | 1910 
alCSS 513 es yee tel il 2 Feo Re 17.7 EB \17.7 E 117.6 E (17.8: E |18.3 E | +.077 
Hawthorne...... 16.9 E |17.0 E |17.0 E /17.3 E /17.8 E | +,083 
INTEL Shoes, Hanover.........{/11.1 W/11.6 W)12.0 W\12.5 W)13.0 W| +.100 
ING Utorret: Se ReMmbtORNs s Kew sce ae 6.0 W| 6.7 W| 7.2 W| 7.8 W| 8.4 W| +.082 
IN. Mex. ..| Santa Rosa: .... 12.7 B 12.5 BE }12.1 FE {12.0 E |12.4 E | +.060 
Nie Whe aa ead a. a. sods 13.6 E |13.4 B |13.0 E 13.0 E |13.5 E | +.062 
P leeete Albany.........| 9.1 W|] 9.8 W/10.2 W)10.8 W/11.4 W| +-.093 
OMNES were cee 5.4 W| 6.3 W] 7.0 W] 7.6 W/ 8.1 W|+.075 
Ne Oxi Newbern..:..... 1.0 W| 1.6 W| 2.2 W| 2.8 W| 3.3 W| +.057 
Ssliahutysos. 5 1.5E} OSE} 0.2E| 0.4 W| 0.7 W| +.047 
N. Dak. ..| Jamestown... .../14.0 E |13.5.E |12.7 E |12.4 E |12.8 E | +.030 
Dickinson... 23. 4. 17.4 EF |17.0 E |16.4 E |16.2 E |16.6 E | +.040 
Ohios vos. Columbus. 45.53 12E/ 06E} 0.OEF| 0.7 W| 1.1 W| +.047 
Okigers.- .Okmulgee:s « ..:-.°- 9.8E|94E} 88E}] 8.5E}| 8.9EF | +.033 
i LOD KS hee me Caer nes 10.9EF}10.5E) 9.9EF}| 9.7 EF }10.1 E | +.043 
Oregon. Sumpter... 2. 20.0 E }20.2 EF |20.2 E }20.4 E |21.0 E | +.077 
Detroit.s Suns es 20.1 E /20.4 E |20.5 E |20.8 E |21.5 E | +.080 
Penns oo Philadelphia.....| 5.5 W| 6.3 W| 6.8 W/| 7.4 W; 8.0 W| +.083 
AlOOURso mas cere 3.1 W! 3.8 W] 4.5 W] 5.1 W! 5.6 W| +.067 

eet Se eean tT Uae eta sete 3 pee Pee eee 1.0 W} 2.0 W 
TR) poe sans ae Newport. =... 10.3 W/10.8 W}11.3 W|11.9 W|12.4 W| +.100 
otal Ox sve SKC Oma. < issseeees F1E!] 1.4E/] O8E}] 0.2E] 0.1 W| +.043 
Dak) erreectt. EDIE OEMS ee alt cre 17-6 B12. VE 114 i 11.4 6) e030 
RapidaCitys. -...5 16.3 EF 115.8 E |15.3 FE /15.1 E /15.4 E | +.042 
Penns. Chattanooga....|/ 3.34 | 2.6E7| 2.0E) 1oE} 1.3E|—.033 
Venietae Phun tine tons se. 6.1E| 5.5E| 4.9E] 44E] 4.3 E} —.008 
MeCKAS cccri st aL OUStON 2... eit 8.9 EB | 8.5 E4, 7.9 Bel 737 B..8.1 E.| 44.042 
San Antonio 96E/| 9.3E}|] 89E}| 8.7E| 9.1 EF | +.050 
IPGCOsaeee: Sharada 11.0 E }10.8 E /10.4 E |10.3 E J10.7 E | +.060 
Mloydadaysiees os 11.2 E |10.9 E |10.4 E |10.3 E |10.7 E | +.052 
ita stsr Salt Lake City . .|16.7 E |16.5 E |16.3 E |16.5 E |17.0 EF | +.070 
Vermont. "Rutland. 2.2.3. 10.6 W\11.2 W/11.6 W}12.1 W\12.7 W| +.100 
Cy Ie Se eee Richmond...... 1.8 W! 2.5 W)| 3.1 W) 3.7 W) 4.2 W) +.067 
Lynchburg... . 0. 0.5 W| 1.2 W| 1.8 W| 2.4 W| 2.8 W| +.057 
Vashi 52.5 Wilson Creek... .|21.9 E |21.9 E |22.1 E |22.4 EF /22.9 HE | +.075 
Wash..... Seattle........./22.1 E |22.3 E |22.6 E |23.0 E |23.5 E | +.083 
W. Va. Charleston...... 0.2 W] 0.9 W] 1.5 W] 2.1 W] 2.6 W] +.057 
Wiis t Sox 50 IMadisons....<... Oe a a ae: Be OF 5.6EF| 5.0E}| 4.9E |} —.017 
WVEVIO meres o> < Wouelas sys i. 16.0 E /15.8 EF /15.4 E /15.3 E 115.7 E | +-.053 
Green River.....{17.0' E |16.9 E |16.6 E |16.6 E |17.0 E | +.060 
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LIGHT 


PHOTOMETRIC STANDARDS 


VALUE OF VARIOUS STANDARDS IN INTERNATIONAL CANDLES 


Standard Pentane Lamp, burning pentane...... alive © candles 
Standard Hefner Lamp, burning amyl acetate.... 0.9 
Standard Carcel Lamp, burning colza oil......... O16 ees 
Standard English Sperm Candle “about... 4.6% 1 GA tO at 


The Carcel unit is the horizontal intensity of the carcel lamp, 
burning 42 grams of colza oil per hour. For a consumption 
between 38 and 46 grams per hour the intensity may be con- 
sidered proportional to the consumption. 

The Hefner unit is the horizontal intensity of the Hefner 
lamp burning amyl acetate, with a flame 4 cm. high. If the 
flame is / mm, high, the intensity J =1+0.027(/—40). 


STANDARD CANDLES 


The horizontal intensity may be considered proportional to the rate of 
consumption of material if the variation is small. 


French. English. . German. 

Material 2 or. 2%. 2 pts. stearic! Spermaceti Paraffin 

acid 

1 pt. palmitic 

acid : 
Temp. of fusion.| 54° C. 44.4-46°.1C. [55° C. 
Wick (cotton)...| 81 threads {54 to 63 threads/24 to 25 threads 
Height of flame..| 5.24 cm. 4.5 cm. 


5 em. 
Rate of consump-| 10 g. per hr.|7.78 g. per hr. |7.7 g. per hr. 
tion of material 
Horizontal inten- 1.34 105 a ea ia | 
sity in Inter- 
nat. candles 
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A 


MEAN HORIZONTAL CANDLE POWER OF VARIOUS 
LIGHT SOURCES 


GIVEN IN INTERNATIONAL CANDLES. 


\ 
HANDBOOK (OF CHEMISTRY AND PHYSICS 


(ux, 1907.) 
Mean _ =/Efficiency 
Sauces eee ae horizontal} in watts 
: imi watts candle per candle 
: power. | (spherical) 
Acetylene flame. ............%: 96 6.9 1 Tr 


Electric arcs: 
Carbon, open air, continuous 


CUBCCI UN EA. se ot bee = 435 171 0.92 
alternating current........ 181 98 Doh 
Flaming arc, yellow.........; 350 816 © 0.34 
Mercury arc, uviol tube...... 199 393 0.64 
UAE BUDE. ecient woos 691 3060 0.25 
Incandescent electric, carbon fil- 

UCU aeee oe, Geese, sak 98 2353 4.54 
tantalum filament. <3 ti... 7. tt al .t 1.83 
tungsten filament ........... 38 32.7 1.59 
tungsten filament, gas filled...} 1000 1670 0.66 

Incandescent gas mantle, vertical (aw 96.3 8.9 
BUBVCTUCONS eto aeoce! CRRA cae 571 96.3 THETA 
NerMCH AUNT: 5.5... sysca seis os & : 181 108 212 


PRIMARY COLOR SENSATIONS PRODUCED BY VARIOUS 
LIGHT SOURCES 


The relative values of the excitation of the three primary sensations 


are given. 
(Ives, 1911.) 
Source. Red. Green. Blue. 

Black body at 5000° absolute....... 33 33 33 
(BAIL) ie ee Oh a eae 29 30 41 
Geek Ve bals sie grit ok a Ok wel es ole 35 34 31 
SR I oa seisyras ehh oannlge a Sie 38 ot 25 
VCE MOT AIL: ce Ge Soon oelnie dk Sh ae aye 54 4() 6 
ACOGVICNG HAMC 22% fs et. ere es 8 49 40. teh 
Incandescent carbon filament....... Bk 41 8 
Puneatem hiament. .. 3.55)... esse. 3% 48 41 11 
Pee OINeN bes wae were be cows 49 40 11 
Pleetrimarc, carbon... 2.23.03 ....7..)° 41 36 20 
INFGROUTYCATC os a co8). haere oe ub tere a » 29 30 4l » 
Eaters TGs tO a gle ayers abel nen: 3 52 yeas) LO) 
Incandescent gas mantle, thorium 3 

with 0.25 part in 100 of cerium....| 42 4] iW 
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INTRINSIC BRILLIANCY OF SURFACE INTENSITY OF 
LIGHT SOURCES 


GIVEN IN INTERNATIONAL CANDLES PER SQUARE CENTIMETER. 


Surface : 
Sources. aneoncua: Observer. 
Electric are: 
current of 10 amperes...... 16000 | Blondel, 1897 
current of 25 amperes...... 19500 | Blondel, 1897 
current of 250 amperes.....| 380000 | Rey & Blondel, 1902 
gmat Aree eos tw) veer aes 4000 : 
Flames, ‘caadle=s< ok 24 se 0.4-0.6 
petroleum lamp, round wick) 3.3 Stockhausen, 1910 
petroleum lamp, flat wick... .67 Stockhausen, 1910 
gas, argand burner..-...... 1.14 Stockhausen, 1910 
acetylene, flat flame....... SiG Stockhausen, 1910 
Incandescent electric: 
filament of carbon (3.8 watts ie 
per eandle)ie 0 bso onan: fag Blondel, 1911 
filament of tungsten (1.2 
watts per candle)........ 150. Blondel, 1911 
Nernsts ps saeke been ee 350-470 | Ives & Luckiesch, ’11 
Gas mantle: 214.4... fn asin ee ee 4.8-6.7| Ives & Luckiesch 
INGereieA BER anne ca. Loe cnenin 2 22 Ives & Luckiesch 
LOGI eae cates - * coarse 0.4 Pickering, 1908 
State Ar Qouye stones sees 840000 | Nordmann, 1910 
Suma t eI c ahegs sath oe 160000 | Palaz, 1893 
whee oe Ea Pee Sct oe ae ee Se ee ere 
; A, 
WAVE LENGTHS OF VARIOUS RADIATIONS ; 3, 
Microns 
RGnbwen OKA TAVS: «60. sees wee Cadet dae e eee eee 0.0001 
Shortest ultra-violet: radiations a... =... ee ee 0.103 
Shortest ultra-violet radiation in the solar spectrum 
(limited by atmospheric absorption).............. 0.292 
Limit of the visible spectrum. ) oo 2) «oe ee 0.390 
Violet, wave. length best representing the color......... 0.410 | 
Wave lenpths ancluded wer. — pa aski res) eee eee 0.390-0.422 
Bhire; ve presembadkivie cae ctr: icp seeds eee pen eee cages 0.470- 
Enclwdes 2h. secs eich ce aes eeeote ghoes tints eae oto tee eee ence 0.422-0.492 
Green representative nd as: ccs cain oe aoe ei eee eo ese en oe 0.520 
EnGlUdes eA. Ae us Ree eee cree Meter es to Sey ae 0.492-0.535 
Maximum visual intensity) about... °. 0... se. eee ee 0.585 
Yellow, representative. ne Gaga sti a wo mea eine ee Cores 0.580 
Tr Glurdes.e3 os fo eee 8 a aig doe Te ae ence ote  0.535- 0 586 
Orange, TEepresentatives . ..4'p. 5 dacterets bsncnenteeye ae ne eee -0.600 
TncludesiG. sa: 29 pts SE ee ran runt epee OG ec 0.586- ee 647 — 
Red, representative’...2f 2 tie =. ee see cess Gate ee ee 650 
Includes f) oa oe Be oS ene ee eT eee ee egeas 0. 647-0, “B10 
Limit: of thésvisible spectrum. <7 ctcanee sce ene ee eee 0.810 
Lanort: of thecsolarispectrums erate cio eee shel 5.300 
Infra-red (heat. waves) 
Inclides: £25 2.2 Ra ei ee ee ee es 0.810-314.00 


-~ Shortest measured Hertzian waves... .. sec senes ees 4000. 
Used for-witeless telegraphiyen-..:, 2 werner eee eas . 100-5000 meters 


HANDBOOK OF CHEMISTRY AND PHYSICS 


‘VARIATION IN THE SENSITIVENESS OF THE EYE 
WITH THE WAVE LENGTH. 


For Low INTENSITIES 


ye 


(K6nig.) 
Wave length...| .410} .430} .450| .470) .490) .510) .580) .550) .570] .590 610 
Mean sensitive- 
MESS Se sah oo .02 (0.06 10.23 |0.49 10.81 |1.00 |0.81 |0.49 |0.22 |0.077/0.026 


WAVE LENGTHS OF THE FRAUNHOFER LINES 


Sun’s SPECTRUM 


At 15° C. and 76 em. pressure. Wave length in microns (Fabry and 
Buisson system). ; 


Line. Due to peeve length a Line Due to Ai Ri 5 = 
U Fe 2947 .9 h H 4101.9 
t Fe 2994 .4 g Ca 4226.60 
P Fe 3020.7 |i ww |{Ca { 4307.7 
$ Fe 3047 .6 | Fe \ 4307.9 
[ Fe [ 3099 .9 G H 4340.5 
S Fe 3100.0 F H 4861.4 
}Fe,Mn! 131003 || .b, Mg 5167.3 
| Fe, Ti EZ1O0E7: Til ahs Me 5172.7 
R Ca 3179.3 by - Mg 5183.6 - 
Q Fe 3286.8 E Fe 5269 .6 
Pr Ti 3361-2 De Na 5890 .0 
O Fe { 3440.6 dD, Na 5895.9 
Fe 3441.0 C We sf 6562.8 
N Fe 3581 .2 B O 6867 .2 
M Fe 3719.9 A O 7593.8 
L Fe, C 3820.4 UGE SY Beet eae 8228 .5 
K Ca 3930.07 D CE SPNR) cota, Ment 8990 .0 
H ~ Ca 3968 .5 


WAVE LENGTHS FOR SPECTROSCOPE CALIBRATION 


Source. Wave Source. Wave 
length. : length 
Potassium’ flame... ......: OR G99 with. Sola si cure cad crete pees ae. 0.52704 
Potassium flame.......... 0.7666 ||61, solar or magnesium flame/0.5184 
OB GIA Tee tee tie teks aise «See 0.6867 ||be, solar or magnesium flame]0.5173 
IDiGr ante Von jt) ee re 0.6708 || ”, solar or hydrogen tube... |0.4867 
C, solar or hydrogen tube..|0.6563 |{Strontium flame........... 0. 4608- 
D1, solar or sodium flame. .|0.5896 ||G, solar or hydrogen tube...|0.4308 
Ds-solarior sodium flame 67)0:-5893. Hr, solar... 36.60 s eee 0.3969 
‘Ehalleam Hameo. foc. OnSSo 2 As csolar ag oe os sae eed s 0.3934 
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WAVE LENGTH OF PRINCIPAL LINES OF VARIOUS 
ELEMENTS 


SOLIDS 


Wave poets of the most prominent lines in microns. 


The letters 


a, s and f after a wave length indicate its occurrence as a strong line in 


the arc, spark or flame spectrum respectively. 


Aluminum.... 


. 3082 


| 3092 


Antimony.. 


PRR CRUC Sis Fa eon 


Barium: = ss<. 


8587 
.3944 
. 3961 
. 9697 
.5123 


.|.3268 

.6005 
.6079 
.6130 
.2745 
. 2861 
.3923 
.4037 
.3891 


Satst 


Barium chloride in 
the Bunsen flame 
gives other lines 
not due to bar- 
UDP ae Ses Sh nee 


Bisnautheecoc eo 5< 


Cagis s> 4 


.4554 
.4934 
.5995 
.0853 
.6141 
6497 


.5136 
.0242 
.5313 


.3996 
4723 
.4994 


3611 
.4678 
.4800 
. 5086 
.5338 
.5378 
.6439 


ooup pe 


SO oHM HO nNAHAAHDRAHNARH AN 


~~ 


~~ 


~~ 


~ 


SHADES DD DDH 


~~ 


~~ 


~~ 


we 


mM MN 


mm 


ANMNMANMNNM 


ANNnMN 


Caeeritiy ace sawnt .4555 
.4593 
ice 
.6974 

Cal cruiaeeeeee .3934 


. 3969 
.4227 


Calcium chloride 
in the Bunsen 
flame also gives 
lines not due ' to} - 
calcium 2 eee 


Ceriwmines . |<. ak 2 


Chromium*..... 


Cobaltt: Seer 


op » 
RPReh 


oo 9 » 
nm 


- 
wm 
~ 
ye 
Lone) 


OHOOnmn AAMNANRARANAARNM 


* More than twenty fairly prominent lines occur in the spark spectrum 


of chromium having wave lengths from 


. 2763 to .3606n. 


} A large number of lines occur in the are and arate spectrum of cobalt 
having wave lengths less than .3600 (ultraviolet). 
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WAVE LENGTH OF PRINCIPAL LINES OF VARIOUS 
ELEMENTS (Continued) 


Souips (Continued) 


Cobalt (Cont.)...|.4581) a LWg0) 1s beer ee Bee .4046) a, s 
.4780} a, 8 .4064| a, s 
.4793] a, 8 4071) a, 8 
.4814| a, 8 .4118) a 
.4840| a, 8 .4132] a, 8 
.4868} a, 8 .4134) a . 
.414 
Op perr axe). 5 2 ar. 3248] a Ate : - 
38274) a .4187| a,s 
4023) a 4188) a, 
.4063| a A191! a 
.5106 a, s 4198] a’s 
PO LSS) °2,55 4199 o 5 
FOz1S| a,-8 4202 a, 3 
-5700) a 7 .4227| a, s 
.§782 a, 5 4934 a, 8 
(CRG at See ee ee 2428) a, 8 oes sea 
.2676] a, s “4951 Bie 
.2802.s eet teenie 
3898] s 4261 a, s 
; 4272] a, 8 
eat : .4282] a, 8 
6278) 8 4294 a, s 
4299) a, S 
‘odin ky . 5259 .4308) a, 8 
Todine (spark) er Serre 
5339 .4326] a, 8 
5349 4337) & 
5408 ; .4384] a, Ss 
5448 .4405| a, s 
5471 ; .4415] a, s 
.5631 .4476| a 
5686 .4528) a, 8 
20010 . |.4655] a, s 
5741 .4736| a 
5766 .4892] a 
BIST o .4921| ays 
5961 .4957| a, 8 
.9139| a, 8 
Pardue vo i. ce. .3606] s .5167| a, 8 
.3653| 8 .5192] a, 
.0675) .5227| a » 
.3800} s .5233| a, 8 
.3903] 8 .5267| a, 8 
.4400) a, s Zt UMASS 


~~ 


* The ultraviolet spectrum of iron shows over 100 lines of intensity 
comparable with those listed above. 
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WAVE LENGTH OF PRINCIPAL LINES OF VARIOUS 
ELEMENTS (Continued) 


Soutips (Continued) 


Iron (Cont.).....|.5284 
.§302 
.6324 
5328 
.6372 
.5397 
. 5406 
.5447 
.6455 
.0570 
{573 
. 0087 
.5616 
.5659 
.5763 
5862 
.5930 
.6065 
.6137 
.6138 
.6192 
0231 
6253 
.6302 
.6318 
.6337 
.6400 
.6495 
.6546 
.6593 


Leah ete \e oc 3640 
. 3684 
.3740 
3786 
. 3804} 
4058 
4245 
.4387 
5374 
Oa 
. 5608 
.6657 


Lathivuni ee hese .4132 


nm 


DMM 


~~ 


nm 


SB AMAMNAAAHAAHYOS HPwoewwewenmnwpwnwnwennweweneweweneveowvevaveveeDL 


Lithium (Cont.).. 


Mercury..... ve 


Manganese...... 


Magnesium......]. 
. 2803 
. 2852 
. 3097 
. 3829 
. 38832 
. 3838 
.4481 
.5173 
.5183 


38807 
.4031 
.4033 
.4035 
4042 
4754 
4784 
.4824 
.6014 
.6017 
.6022 


.4602 
.6104 
.6708 
2537 
. 2967 
3022 
. 3023 
.3126 
.3132 
3341 
.3650 
. 3654 
. 3663 
. 3984 
.4046 
.4078 
.4358 
5426 
.0461 
.5770 
mares? | 
. 5804 


2796 


Sopp poy nue pp 


PH HOPS ADH HHH SH D 


pop 
BP io] 
— 


13) 


RNAMNDMM 


DM NM 


Dn DM 


~ Sas Saree 
~~ 


~ 


DMM hn wm mM 


. es 
. os 
Rhee => 


Dm DAD 


~~ 


SHEP HPs Hoe DH pse pow 
DAmMNMM 


“ 


* The are and spark spectra of lead include a large number of lines in 


’ the ultraviolet not given above. 
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WAVE LENGTH OF PRINCIPAL LINES OF VARIOUS 
ELEMENTS (Continued) 


Soups (Continued) 


_ Molybdenum.... 


ek aleercn. So’. <5 


Osmium....,.... 


PPeatmuMmn. ft ces 


\ 
Potassium....... : 


Peay), S > <=.» 


.3635 
. 3688 
.3798 
3864 
.3908 
3961 
.5906 
.5933 
.5570 


DMN 


- 


POPUP PHP nm 
DM Mm 


~ 


DRM 


o) 


Ss 
a 
a 
a 
Ss) 
a 
a 
a 
is) 
SS) 
iS) 
iS) 
iS) 
Ss 
Ss) 


Radium (Cont,)..|. 


4826 


.0661 


band .6130-]. 


band .6530-|. 
PUDIGIIINS.. | ee « 


5814 
6330 
6349 
6700 


.4202 
.4215 


.6207 
.6298 
. 7806 
stow. 
.7950 


Selenium (s.5 "0. «; 


.4606 


.4840 
.4842 
4972 
.4993 
. 5094 
.9142 
.5176 
6225, 
.5270 
.5305 


SHLIGOM ED aya 


Sveti. . o. ee 


Strontium, ...... 


.2516 
2881 


3281 
3383 
.4055 
4212 
.5209 
.5466 


3302 
.3308 
.5683 
. 0688 
.9890 
.5896 
.6154 
.6161 


.4078 
.4216 
.4607 


poopopenpnse wpnepwoeer OD DNRANDRNNRANMNMAAM 


= 


~ 


Loser Lae | 


“ 
~ 


“ 
mh RRM ™ 
Loar) 


Soop po © 


Lear) 


wv 


DR MRR 


Ms Ss 


~ 


DBR Nn 
ar iiLoear el 


“ 


~ 


mm 
PRR 


~ 


eee 
MM wm 


- 


Lar 
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WAVE LENGTH OF PRINCIPAL LINES OF VARIOUS 
ELEMENTS (Continued) 


Souips (Continued) 


Strontium com- Tinses: s.r eee .3801| 8 
pounds, chloride, .4525] a, 8 
nitrate, etc., give .5564| s 
other bands not . 5589] s 
due to strontium | .6032 .5632] a, s 
.6060 .5799] s 
.6351 .6453) 
6464 Tungsten 66 4843] 
.6597 .5059| s 
6664 5224] s 
6694 3 .5514) s 
Sulphuriass 21.5.5 .4465) s Dranrime: @ see .5478] s 
.4486] s 5480] s 
.4525) s 5482) 5 
.4552| s 5494! s 
-5021) s 5528] s 
le agi eee +. .../.3845] a, s 
; : .4680| a, s 
lol 3s 4792 ? 
5320] s Veriese s 
.5343] 8 “Aoi alien 
5605} s Prerine 
.0640} s "6103 . 
Si ha {63621 a, s 
Tantalum...) «. . .\.8906\"3 Grcanitin 3058 : 
“40591 5 —«|jZTeomium....... ee a, s 
4080} s onde 
4101] s Peanut ae 
fee 4049] a, s 
Dhalininnes. 0.2 .2918] a AOT3 |e 
-38230) a 4081] a 
-3519) a, s .4149| a, s 
38529) a 4156) a, 
.3776| a, s, f 4161| a, s 
4737] 8 .4360| a, 8 
.5351) a; 8, f 437] a, a 
Phorum 37. 2.2] So 2 248s .4380} a, s 
.3272| § 4443] 8 
.8291) .4494| gs 
.3301| s .4497| a, s 
.3314| gs .4688] s 
. 3008) s 4710] s 
.3539] Ss .4739] s 
.4019| s .4772| 8 
.4382] s .4816} 8 
.4391) s .6128) 8 
.4555| 5. .6142| 8 
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WAVE LENGTH OF PRINCIPAL LINES OF VARIOUS 
ELEMENTS (Continued) 
GASES 
Air (spark) linedueto| N .3995»|| Bromine........... .4785 
N .4447 . 0302 
N .4631 .6150 
O .4642 .6351 
N .4643 || Chlorine, Pliicker 
beRoeOd di tbe. A. see to ee .8851 
N .5005 3861 
N .5679 .4133 
Argon, Pliicker tube .4253 
(blue spectrum)... 3491 4344 > 
3560 _ A794. 
. 3089 .4810 
.0638 .4819 
.ot2g 9423 
. 3850 3 
Si OAM Ct Lere eee .3188 
4104 8888 
4228 2026 
4331 4471 
4348 -5016 
4426 -5876 
4430 6678 
-4806 || Hydrogen......... .4102 
Ore ie Alb 4341 
(red spectrum) ai “A861 
4198 ee 
-4200 || Nitrogen.......... See air 
.4259 : 
ABT «|| Oxygen... See air 
.6965 
. 7067 


RELATIVE STIMULATION OF THE THREE PRIMARY 
COLOR SENSATIONS BY DIFFERENT WAVE LENGTHS 


Wave 
length...|0.36u|} 0.38} 0.40) 0.42) 0.44] 0.46) 0.48 


0.50} 0.52) 0.54 


te Cs eee OLOe ROL Onme fOr On ets On it OF 30. (9.0 23205390 
reo e OF Oe ONO a0, OF 10208) =0-0) (22.0) 70) 4/230 161) 0G S750 
IBiwer. oS OLOM MOS E29 OF 15220. 176.0 |78e 0! 168 .0° 46-0 116.0. - 720 
Wave 

length.. .|0.56u| 0.58] 0.60] 0.62] 0.64] 0.66] 0.68) 0.70) 0.72) 0.74 
SR Gdn ee AOROMIOO- Oeil baloo.O \30.0 112-0: | 5.0) \22.0-) 1.0 |-0.0 
Gracies OG0n O7eOsloc O51O.0.| 2.5 120" [£0.08 0.05150.:0) [0:0 
Blue: AR ee sa TOO OsOn (O02 1-020: 520.07 |) O05 12.0.0" |.0..0 
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HANDBOOK OF CHEMISTRY AND PHYSICS 
INDEX OF REFRACTION OF OPTICALLY ISOTROPIC 
SOLIDS 


(From Smithsonian Tables.) 


Line of 
spec- 
trum. 


Index of 


Substance. refraction. 


Observer. 


537 De Senarmont 
642 Grailich 

1S DesCloiseaux 

. 672 Fock 


Agate (light color). . 
Ammonium chloride 
Arsenite... 03 een ss 
Barium nitrate... .. 


Bell métal. ia"... os. D .005 Beer 

Biehder ck. 3 eos lt 342 Ramsay 

Piet sno oe ce Na .369  |Ramsay 

PienGe? oe. ciao. Tl 401 Ramsay 

Borie atid: )...35.5 28 462 Bedson & C. Williams 
Boriemeid . 5. 2s. 2: .463 Bedson & C. Williams 
Bove sed i... s .470 Bedson & C. Williams 


Borax (vitrified)... . 
Borax (vitrified)... . 
Borax (vitrified)... . 


.612 Bedson & C. Williams 
-515 Bedson & C. Williams 
.521  |Bedson & C. Williams. 
_ |Kohlrausch 

.546  |Milheims. 

.414 DesCloiseaux 

428 DesCloiseaux 

461 Schrauf 

.470 Schrauf 

A479 Schrauf 


Diamond (colorless). 
Diamond (colorless). 
Diamond (brown). . 
Diamond (brown). . 
Diamond (brown). . 


KENNNENNNNNKE ERE REE RENN NR Ree 
On 
w 
bo 


bGhite es. oe ten D 6 Ayrton & Perry 
PMuGHeiRL.... 054 ca edee A .03 Means 

Puehemies Fis ce B .19 Means 

Puehstem. i. . se sk Gs rade’ Means 

POUCTIONEL So. tart ote G .97 Means 

Hughes: 2. 3. Ss. Hi coe Means 

Garnet (different 

VATIOUIES Vos asl 1.74-1.90 |Various 


Gurr artnie... ses 
Gum arabie:..... 3: 


red 1.480 Jamin 
red ee | Wollaston 


TARA INE S4) Soy. eg s D 1.496 — |Tschichatscheff 
Hélvine: ois. eo. D 1.739 Levy & Lecroix 
Obsidian sa. ate D 1.482-1.496| Various 
(Giga steeen ees. beret 18) 1.406 Various 
OPAL hae es D 1.450 =‘|Various’ 
Pigenraraniorae Boca red P53t Wollaston 
Potassium bromide .| D 1.559 - |Topsde and Chris- 
tiansen 
chlorstannate....| D 1.657  |Topsde and Chris- 
tiansen 
TOI. fob a tents D 1.667  |Topsde and Chris- 
. tiansen 
PRosphorus.7 4455.70" D 2.144 Gladstone & Dale 
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INDEX OF REFRACTION OF OPTICALLY ISOTROPIC 
SOLIDS (Continued) 


Line of Index of 
Substance. spec- refraction. Observer. 
trum. 
Resins: aloes....... red .619  |Jamin 

Canada balsam...| red .528 Wollaston 

colophony....... red .548  |Jamin 

ecopaley . Stk, {2 red .528  |Jamin 

mastien 2! *? He DAM POC Dao Wollaston 

Peru balsam..... D .593 Baden Powell 


Selenium, vitreous. .| A 
Selenium, vitreous. .| B 
Selenium, vitreous. .| C 
Selenium, vitreous. .| D 


PL Wood 
.680 Wood 

729 Wood 
Wood 


bet pe et et EB NWDNNNNNNR RRR ee 
to) 
os) 


Silver bromide..... D 1253 Wernicke 
enlonride) .). 5. os. D .061 Wernicke 
"ve" EG 2 sh ae D .182 Wernicke 

Sodalite, blue...... D .483 _|Feusner 

Sodalite, clear like 
eer eee tS D 483 Feusner 

Sodium chlorate... .| D ‘515 Dussaud 

re) 012) ey ea .716 =| DesCloiseaux 

Strontium nitrate...| D .567 Fock 


INDEX OF REFRACTION OF UNIAXIAL CRYSTALS 


Index of refraction. 


A . | Extra- 

Substance. Line of | Ordi- orale 
spec- | nary | yary Observer. 
trum, | ray ray 


Alunite (alum stone)...... D 


1.573/1.592| Levy & Lacroix 
PAB LIGE eee pnd hs ak D 1.639)1 . 635) Schrauf 
Berl f from} D 1.589)1.582) Various 
se ae Ske baa \to |D — |1.570)1.566| Various 

OU aCe BE iar ar eRe red j1.96 |2.60 |De Senarmont 
eMMmaaDAIGS... 60a sus red |2.854/3.199| DesCloiseaux 
Corundum (ruby, ffrom| red |1.767!1.759| DesCloiseaux 

sapphire, etc.).... | to’ | red |1.769}1.762| DesCloiseaux 
Emerald (pure)... ccc... <> green |1.584/1.578] DesCloiseaux 
ea ak oo ae Oe a D 1 .309]1.313] Meyer 
OP eee vt deaibete oer, “ol «ar D 1.539]1.541| Kohlrausch 
podium: nitfate....0h<h...4.. D 1.587)1.336|Schrauf 
Tourmaline (colorless)... ..| D 1.637|1.619] Heusser 
Tourmaline (differ- { from| D 1.633]1.616| Jeroféjew 

ferent colors).... \to | D 1.650/1.625) Jeroféjew 
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INDEX OF REFRACTION OF BIAXIAL CRYSTALS 


Index of refraction. 


Substances. Line of Inter- : 
Mini- gat - 
spec | pum. ssl Ss ia Observer. 
Roraxa 32-4 ie tke D_ {1.447/1.469/1.472| Dufet 
Copper sulphate.....| D  |1.514/1.537|1.543|Kohlrausch 
GY psuilis. see D_ {|1.521/1.523/1.530| Milheims 
Mica (muscovite)....| D  |1.560/1.594/1.598)Pulfrich 
Potassiumbichromate| D  |1.720)1.738/1.820/Dufet 
Hira ss aas D_ |1.335/1.506)1.506/Schrauf 
sulphatest:.<-.fxuyit D_ 1.493)1.495/1.498/Topsée & Chris- 
tiansen 
Sugar (cane) .<.tsaet D_ |1.540/1.567/1:572|Calderon 
Sulphur (rhombic)...| D  /1.951/2.038/2.241|Schrauf 
Topaz (Brazilian)....| D  |1.629)1.631/1.638]/Milheims 
INDEX OF REFRACTION OF GLASS - 


RELATIVE TO AIR 


Variety. 
361 | .434 
LARC CT OWING. cide eet tests 1.539}1.528 
Higher dispersion crown| 1.546] 1.533 
LG Yd ti Roclicqkes eae eee 1.614/1.594 
Heavyatlintw. <a. 3.00.0. 1.705] 1.675}) 
Heaviest flint ae 945 


Sei ti) oe tae 


INDEX OF REFRACTION OF ROCK SALT, SILVINE, 


Wave length in microns. 


1.20 


1.505 
1.507 
1.559 
1.628 
1.848 


. 989 
(Na) . 768 


3/1.517/1.514|1.511 
1.520)1.517/1.514 
1.575|1.571/1.567 
1.650/|1.644/1.638 
1.890|1.879/1.867 


. 656 2.00 


1.497 
1.497 
1.549 
1.617 
1.832 


fone 


CALCITE, FLUORITE AND QUARTZ 


(Compiled from data of Martens, Paschen, and others.) 


Calespar, Quartz, 
Wave | Rock | Silvine, Fiagute Calspae extraor- epee extraor- 
length. | salt. KCl. ke Y | dinary ary | dinary 

y: ray. Tey: ray 

0.185 | 1.893 LFS 27 whl P 239 we ceaciall Rcte Pate aileeee eae eee 1.676 1.690 
OPTOS ae tera: eee ta e496) | [freee oes sy As) LS opay lt 1.664 
Os 7: ie tar aoe | Ua icee Tandem or a hyn ie ee Oils 1.506 LoOt eye 4 
0.589 | 1.544 1.490 1.434 1.658 1.486 1.544 1,543 
OF TZ60S) Mines Ole SO eR 1.431 1.650 1.483 1.539 1.548 
0.884 | 1.534 1.481 1.4380 
179) telsos0) 1.478 1.428 
bape 28 aH ity ee Hel baat Ol tee val Meee deen 1.639 1.479 
DESaA: | 21) 55 RNR Ore oi eee ie eee ale ae a 1.474 eolG 
2.357_| 1.526 1.475 “1.421 
ROE) ly TR 1.473 1.414 
5.893 | 1-516 1.469 PROSIL 
8.840 | 1.502 1.461 1,331 


iw) 
bo 
for) 
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INDEX OF REFRACTION, LIQUIDS 


(From Smithsonian Tables.) 


Temp. 
Substance. 
PRCCLONE ij ose. 10. 
FAGTMONGUON . wis... 0 
JACTEL SO ahh oh oe oe ee 20. 
Amiseed, oil... J: 2124: 
Aniseed oil........ 15) 
ISENZENC I. wh aon a 10 
BENZENE. ie. es Pai Mi 
Bitter almond oil. ..| 20 
Bromnaphthalin....| 20 
Carbon disulphide..| 0 
Carbon disulphide. .| 20 
Carbon disulphide. .| 10 
Carbon disulphide. .| 19 
GassrasOllse te ce 10 
Wassianoile mae wok i PPARs 
(ORS eh thfo | etn Meee eae 22 
Chprotere tice. 2 20 
@hiorotorm: 45: 10 
@hlonroformisn. ccs 30 
Chloroform’... 522 .- 20 
Cinnamon oil. ..... OSieo 
GREP Ee wok oe 15 
ESET ies 0.45. eee igs 
Ethyl alcohol. ..... (0) 
Ethyl aleohol...... 10 
Ethyl alecohol...... 20 
Ethyl aleohol...... 15 
Glycerine.......... 20 
Methyl alcohol.....| 15 
Oluvieroilye ess. 0 
FROCKLOU SEM owas (0) 
Turpentine oil..... 10.6 
Turpentine oil..... 20.7 
NGUDTSS ee oa ee aero 20 
WiHTCrR tea one. 25 20 


Index of refrection for 


spectrum lines. 
Observer. 

C D FP H 
1.363]1.365/1.369] ... | Korten 
IPA CIE 47 38( 14851 = 2.) Olds 
1.599/1.586/1.604) ... | Weegman 
1.541/1.548/1.565}) ... | Willigen 
1.551|1.557|1.574/1.608]} Baden Powell 
1.498/1.503/1.515]1.536] Gladstone 
1.493/1.498]1.510]1.530] Gladstone 
PL OSo)|> were |e. SOZLee2 | oandolt 
1.650/1.658]1.682]1.729| Walter 
1.634/1.643]1.669]1.718]} Ketteler 
1.618}1.628]1.652]1.699| Ketteler 
1.625]1.634]1.659]1.708} Gladstone 
1.619}1.628]1.635]1.701]. Dufet 
1.601}1.610]1.639]1.704| Baden Powell 
1.593/1.603}1.631]1.699| Baden Powell 

ees bo. eee: Texier 
1.609)1.617/1.636] ... | Gladstone 
1.447/1.449]1.456/1.461} Gladstone & Dale 

... {1.440} ... |1.456] Gladstone & Dale 
1.444/1.446]1.453] ... | Lorenz 
1.608/1.619|1.651] ... Willigen 
1.355/1.357/1.361/1.368] Gladstone & Dale 
£35712 S59)1 36410371) Kundt 
SOS OOO lean. Korten 
1.364/1.365]1.370 Korten 
1.360/1.361)1.366] ... Korten . 
1.362/1.364]1.368]1.375| Gladstone & Dale 
PSPEU Se ol LACS: Landolt 
1.331/)1.333]1.336]1.342| Baden Powell 
147404761 483 |e Olds 
1:3435|1. 457|1. 464)... Olds 
1.472|1.47411.48111.494| Frauenhofer 
1.469]1.472)1.479]1.491| Willigen 
1.491/1.496]1.507) ... | Bruhl 
1.33111 .333]1.337|1.344] Means 
DISPERSION 


The dispersion for various types of optical glass is shown in the following 


table. 


Np =index of refraction for the D line (of the solar spectrum) and 


np and nq the index for the F and C lines respectively (nz —np) shows the 
dispersion for these two wave lengths. 


Glass. 


Light phosphate crown 
Barium-silicate crown... 


High-dispersion crown 


morave finite Gs so aes 
Extra light flint....... 
it Vag i 
Heaviest flint......... 


ee © ee oe we we oo eww wwe 


We 4) Se. a4 eae ees 


ee eT 


ae. S18) SxS) 1B) 8 eo Uwe, © 


S160 @ 8% 6 We se Ow we ee 


oO Ae SOL ee 10. ds bef he 


Pret peek fk fk fk ped fed 


XD (np —N¢) 
20189 .00737 
.5399 .00909 
.§262 .01026 
. 5686 .01102 
. 5398 .01142 
27/4: 02434 
.9626 04882 
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INDEX OF REFRACTION, AQUEOUS SOLUTIONS 


Index for 
Substance. Density. | Temp. °C. | A te Observer. 
a 

Ammonium chloride . 1.067 27.05 1.379 Willigen 
Ammonium chloride. 1.025 29.75 1.351 Willigen 
Calcium chloride. ... 1.398 2G. 00 1.443 Willigen 
Calcium chloride. . He 2 Ys} 22.9 1.397 Willigen 
Calcium chloride.... 1.143 25.8 1.374 Willigen 
Hydrochloric acid... 1.166 20.75 1.411 Willigen 
INI tHiCyacidseckes cet 1.359 18:75 1.402 Willigen 
Potash (caustic)..... 1.416 18 1.403 Frauenhofer 
Potassium chloride. . . Normal|solution 1.343 Bender 
Potassium chloride. . . Double|normal aoe Bender 
Potassium chloride... Triple|normal 1.360 Bender 
Soda (caustic)....... 1.376 vate, 1.413 Willigen 
Sodium chloride..... 1.189 18.07 1.378 Schutt 
Sodium chloride... 1.109 18.07 1.360 Schutt 
Sodium chloride... .. Lavoe 18.07 1.342 Schutt 
Sodium nitrate...... 1.358 22.8 1.385 Willigen 
Sulphuric acid...... 1.811 13,3 1.437 Willigen 
Sulphuric acid...... 1.632 18.3 1.425 Willigen 
Sulphuric acid...... if PRT Sees 1.370 Willigen 
Sulphuric acid...... 1.028 18.3 1.339 |- Willigen 
Zinc chloride........ 1.359 26.6 1.402 Willigen 
Zinc chloride........ 1.209 26.4 arb Willigen 


INDEX OF REFRACTION OF METALS 


For Sopium Liaut 


(Drude.) 
Index of || Index of 
Metal. refraction. Metal. refraction. 

Alaminums. sve see 1.44 Méfeutys5 © ae Live 

IA WRITAONY. sytney ee 3.04 Nickelyce ie ae oe 1.79 

J SHisha ul b io) op genres erent 1.90 Platine eases 2.06 
Cadmiumigers cates Heals Silver aces 0.181 
Coppermine Aone 0.641 Steeltr nen. tec 2°41 
Golde a. ee kinice ts 0.366 Tins Sali =k, cater 1.48 
DeGeneres 2.36 AMb Gees ae oe ose 2.10 
Weddin ioowie. Pea 2-01 ANCA Bee eee 2:12 
Magnesium......... 0.37 


DIFFUSED REFLECTION (ALBEDO) 


‘Ratio of total quantity of light reflected by a surface to the total incident 
ight. 


White pinewood.....|0.40 Blotting paper, white. 0.70—.80 


Paper, ordinary white] .60-.70]| blue.......:..... 25 
Black velvet........ .004 yollow « G25 cinta} .40 
SHOW: il i7. 8 i steerer e £18 Earth, moist........ .08 
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INDEX OF REFRACTION, GASES 


Values are relative to a vacuum and for a temp. of 0° C. and 760 mm. 
pressure. 
(From Smithsonian Tables.) 


Kind of 


Substance. Fone: Indices o& refraction.) Observer. 
PNG CLONO Rhee an ctteaas oti e erate D 1.001079—1.001100 
PRB GS eS cd line § eaten ce eee D 1.0002926 Perreau 
PNR cee es aie a white 1.000881-—1 .000385 
PAOMTINIOML Ay see ate Geko sa nels wath Socks D 1.000373-1.000379 
INTC ies oy aap ae OR rar re are D 1.000281 Rayleigh 
SCN ZEN Bey ek cence on D 1.001700—1.001823 © 
IBFOMUNES «sdk 6 Gace Tene on D 1.001132 Mascart 
CaEDOMIGIOKIGE. | cee. oid sees white 1.000449-1 .000450 
ALG RIGLO tee Tee vies Sh D 1.000448-1.000454 
GIs Hide we. Stasi oi Sh wee = white 1.001500 Dulong 
aisabonide ss): shes tices 8 D 1.001478—-1 .001485 
monoxide....... ter eee white 1.000840 Dulong 
MONMORMIAGA Ls eck ohh ws ea ba white 1.000335 Mascart 
AOI OTING eta aS eee white 1.000772 Dulong 
(Gia us hse a a eee Rae D 1.000773 Mascart 
WinlOroloria sts 6 sees Gee D 1.001436—-1.001464 
OWE ITO RE) 0 ea aa gel eee white 1.000834 Dulong 
CyanOren a as seo ae D 1.000784—1 .000825 
Won ylaConoler4. oc as ssh see sete) 2) 1.000871—1.000885 
PENCE ee RtRO co. sect assoc a re D 1.001521-1.001544 
Ike WY eS Whe cethens ahsenes. es ate D 1.000036 Ramsay 
Hydrochloric -aGidu.s. i604. 055 white 1.000449 Mascart 
Hiv drOochloric acid ac <cayeracs ve eis 5 D 1.000447 Mascart 
HE CIOP Clie ey oan ci ne oe cet white 1.000138—1.000143 
PL VanOgeM srt oeen kee ru D 1.000132 Burton 
SUD MECle crea acniinene sre aol ary gas D 1.000644 Dulong 
SUUDINGENT ote ae care D 1.000623 Mascart 
Weta megs stir <a) cie tales. vs white 1.000443 Dulong 
We tian erecaaieas co Sete eihete 6 bee D 1.000444 Mascart 
NMethalaleoholsiinc< ted in aes D 1.000549-1 . 000623 : 
INVeGieethers ccms.ciisles, ties. 3 D 1.000891 Mascart 
INIGEIGE ORIG Cte) ern iiudlie thes Axecarg white 1.000303 Dulong 
INWETICLORICCs:dals.c Oeste + 6 etna mess D 1.000297 Mascart 
IN[ Hi FE 5s QUE RR ee eee white 1.000295-1 . 000300 
INTEEO Sembnes enc ehloe ae eel ees 1.000296-1.000298 
INEEROUBGO XI Chu. cists y ee dorise erase white 1.000503-1 .000507 
INDETOUGIORKIGCs 0. .c Fa eels a ok 1.000516. Mascart 
(ORGIES ln, AER ara oA ae ee he white 1.000272-1 .000280 
ORSi UGA) i Mae OL nes eam 1.000271-1.000272 
PLOT ae er ie Fo okie Mahieu) Agee ar es D 1.001711 Mascart 
SUL BDUTEGIOXIAG j0c0.c reas sare we white 1.000665 Dulong 
SOD Ue CLOXIGC! srs cy-1.c0svss are 1.000686 Ketteler 
Weta panae tre esd foes tnoreiay elle lista is white 1.000261 Jamin 
BNUbCNcneetee. Per Ree ok sciae sae D 1.000249-1 .000259 


COEFFICIENT OF TRANSPARENCY OF UVIOL GLASS 
FOR THE ULTRA-VIOLET 


For a thickness of 1 mm. 


Wave lengtb, mi- 
eC) ne 0.280)0.309/0.325 |0.346/0.361/0.383)0.397 


Uviol crown...... 0.56 0.95 |0.990 |0. 0.996 0.999)1.000}1 .000 
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REFLECTION OF LIGHT BY GLASS IN AIR 


The table gives the per cent of the incident light which is reflected from 
the surface of glass in air assuming an index of refraction of 1.55; 7 repre- 
sents the angle of incidence and RF the per cent of light reflected. 

(Computed according to Fresnel’s formula, see page 223.) 


t R t R t R 

0° 4.65 

By 4.65 aD 4.98 65° 1207 
10 4.66 40 5.26 70 18.00 
15 4.66 45 Dede wD 26.19 
20 4.68 50 6.50 80 39.54 
25 4.73 55 Gare 85 eae 1 ae 
30, 4.82 60 9.73 90 100. 


REFLECTION BY TRANSPARENT MEDIA IN AIR 


For NorMau INCIDENCE 
The table gives the per cent of the oman incident light which is re- 
flected by transparent media of various indices of refraction. mn =index 
of refraction, & =reflected light, i =angle of incidence = 0. 


(Computed from Fresnel's formula.) 


n R n R n ht 

150 0.00 127 6.72 2.4 17.0 
a 0.23 1.8 8.16 2.5 18.4 
L2 0.83 1.9 9.63 2.6 19.8 
1.3 170 2.0 11.11 Zen pai Dep kt 
1.4 2.78 201 12.6 2.8 22.5 
120 4.00 2.2 14.1 2.9 23.8 
a 5.38 2.3 15.5 3.0 25.0 


COEFFICIENT OF TRANSPARENCY OF GLASS FOR THE 
INFRA-RED 


Normal incidence, thickness 1 cm. 


Wave length, microns. .<.,,|0-0.)-4L.4 JSle 7 12) oe eee 

Crown, borate.) 02.20.2194 200} SoM a2 8 02a e 
borosilicate =... bse... com 44), — 61 (33° Osea 

Pint light? esa ee 1.00) OU -S821> 45-4) 2OS8er a 
HEAVY cs hacen eee 1.00; 1.00) 1.00/1.00 | .45 | .019 
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REFLECTION OF LIGHT BY METALS 


The table gives the per cent of normally incident light which is reflected 
by the polished surface of various metals. 


Mer- 
- |Bronze| Copper, | Gold, Magna- | Mag- 
ee ar (68Cu,|} commer-} electro- | Iron. lium, ne- hace a 
ye: ¥‘| 68Sn).| cial. lytic. Mach’s. | sium. mie 
Yo 251 eee .30 25.9 38.8 67.0 
288 snahats Siatsatse 24.3 34.0 70.6 
305 25.3 31.8 Was 
326 24.9 28.6 CDRS ‘ 
SOL ie 27.9 81.2 
385 oo 28.6 PH GEN t 83.9 
420 ars By ae 29.3 83.3 
450 sea 30.0 Sok 83.4 72.8 
500 .63 43.7 47.0 55 83.3 42 -\2 L059 
550 Hoc 47.7 74.0 82.7 aD, 
. 600 Z00 . 64 OES 84.4 57 83.0 (ouioo.9 
. 650 Breet series 80.0 88.9 Gree Soak Tells 
.700 tar 83.1 92.3 .59 83.3 72.8 
.800 ae, 88.6 94.9 ae 84.3 
1.00 55 ava) GO lalate eters 65 84.1 74 
2.0 60 .80 95.5 96.8 .78 86.7 afte 
3.0 65 .86 Opeice® |e seas . 84 87.4 . 80 
4.0 68 .88 97.3 96.9 .89 88.7 . 83 
9.0 TPA .93 98.4 98.0 94 90.6 .93 
Silver 
: Plati- at : 
Nickel, chemi- | Silver- Specu- 
pee electro- Ostet cally backed | lum Steel. ’ ves 
& lytic lutte depos- glass. metal. : 
y ited 
251 37.8 33.8 dred hans ares = oe 29.9 32.9 
. 288 42.7 38.8 7a ERE | EE SPs Sed 35.0 
. 305 44.2 39.8 Qelee tied eyed ee Aie7, BYERE 
.326 45,2 41.4 AS Glee tac aeeia aloe etetealie a: 40.3 
Oot 48.8 43.4 Ces | ys wre Se O 45.0 
.385 49.6 45.4 SUES Be NR oem 3 ete 47.8 
.420 56.6 ores SOa Oe Oh tears 56.4 OD 
.450 59.4 54.7 90.5 85.7 60.0 54.4 
. 500 60.8 58.4 Cie: 86.6 63.2 54.8 .49 
UE, 62.6 61.1 92.7 88.2 64.0 54.9 
. 600 64.9 64.2 92.6 88.1 64.3 55.4 .51 
. 650 66.6 66.5 94.7 89.1 65.4 56.4 
. 700 68.8 69.0 95.4 89.6 66.8 DAO 54 
-800 69.6 70.3 OCRSmE Ee rat busts vice share « 58.0 
1.00 200 4229 Ones ae, Se es 10.5 635,h AOA 
2.0 83.5 80.6 Som isc: «oe. 80.4 Go .85 
Sie) 88.7 88.8 OS aie WN Sees or 86.2 83.0 .90 
4.0 91.1 91.5 GSE meateec Roast. 88.5 87.8 .93 
9.0 95.6 95.4 OS ges i ane 92.2 92.9 .95 
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TRANSMISSIBILITY FOR RADIATIONS 


Ratio of the transmitted light to the incident light for a definite thickness - 
of the substance, usually 1 cm. 


GLASS. 


Glass in general is opaque to the ultra-violet and infra-red. Uviol glass 
is transparent to the longer radiations of the ultra-violet. 
Coefficient of transparency of glass for visible and ultra-violet radiations. 


Normal incidence, thickness 1 cm. 


Wavelength 
microns eee oe: 0.309/0.330/0. 347/0.357/|0.361/0.375|0.384/0.388/0.396 


Crown, ordinary..| ... hs ae Rie © a 947 
Crown, borosili- 

CACC AG hee oe 0.08 |0.65 |0.88 | ... |0.95 | ... |0.972/0.975|0.986 
Flint ordinary, .-)- 2: Rat eel Od Ze lp eee Cae Jee 1079004 
Flint, heavy..... nae SPANO OP SP Ree ORL GT ee Obs 


Normal incidence, thickness 1 cm. 


Wave length, 
IMICLODSee tro 0.400/0.415/0.419/0.425)0.434/0.455/0. 500/0. 580|0. 677 


Crown, ordinary.. |0. 964 ... |0.952} ... |0.960/0.981} ... |0.986)0.990 
Crown, borosili- é 

CALC ee Ong So| mee ae Ongoe tae: oe 02993 
lint ordinary acialmencce 40 OD9)\ eon aes tia meerernnitd a0 (0) | 
Plint, dheavy..... eae nate ae |O. 900 


See also pp. 175 and 176. 


QUARTZ 


Quartz is very transparent to the ultra-violet and to the visible 
spectrum, but opaque for the infra-red beyond 7.Ou. 


(Pfliger.) 


Wave length, microns........... 0.19° 0,205} 0.21) Ge22 


SSS SS ee eee 


Transmission for 1 mm.......... .67 .84 .92 94 


FLUORITE 


‘Fluorite is very transparent to the ultra-violet, nearly to 
0.10u. Coefficient of transparency at X\=186 is found by 
Pfliiger to be 0.80. 

For the infga-red the values are given in a table below. 
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TRANSMISSIBILITY FOR RADIATIONS (Continued) 
Rock SauT AND SYLVINE AND FLUORITE 


‘TRANSPARENCY FOR THE INFRA-RED. 


Thickness 1 cm. 


Bipye agi Rock salt. - Sylvine KCI. Fluorite. 
eee a Mon RaSh oti | oteurleeuh es as 844 
9. 0.995 . 1.000 .543 

10. .995 .988 . 164 
8 993 .995 010 
14, .931 .975 .000 
16. .661 .936 
18: L215 . 862 
19. .096 .758 
2068 .006 .585 
ems b- 000 . Lbd 


PHOSPHORESENCE BY CATHODE RAYS 


SUBSTANCES LUMINOUS UNDER EXCITATION BY CATHODE Rays. 


Substance Wave lengths of principal bands in microns. 


(with calcium oxide). (Urbain, 1909.) 
Dysprosium oxide. .......| 0.480, 0.489, 0.585, 0.675 
Europium oxide......... 0.416-0.426, 0.469 
Europium oxide.......... 0.589-0.593, 0.613, 0.625 
Neodymium oxide........ 0.392, 0.419-0.429, 0.458 
Praesodymium oxide...... 0.488, 0.604, 0.606, 0.626, 0.634 

One part. 100 parts. Suheta Color. Observer. 
eisicnsnosxida: . Galiiens onde 0.560 Mellow, Bruninghaus, 1910 


Antimony trisul- 


DHIGeE RIND. otac calcium sulphide | 0.569|yellow | Bruninghaus, 1910 
Bismuth oxide. . .| calcium oxide 0.522|blue Bruninghaus, 1910 
Bismuth sulphate.| calcium sulphate | 0.640|red - |Bruninghaus, 1910 
Manganous car- 

bonateviens<s:... magnesium car- 

bonate ‘0. 620\red Bruninghaus, 1910 

OXIG@srtaian calcium oxide 0.589|yellow |Lecoq &-Boisbaudran, 

1886 
phosphate..... calcium phosphate 
Ca3(PO4)2 0.633/red Bruninghaus, 1910 . 
sulphate....... calcium sulphate | 0.540/green Hesod. © Boisbaudran, 
1885 
sulphides: «<4 calcium sulphide | 0.589|yellow |Bruninghaus, 1910 
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FLUORESCENCE OF ORGANIC SUBSTANCES 


IN 


SOLUTION 


EXCITATION BY WHITE LIGHT. 


Wave 
Substance. Solvent. length Observer. 
microns. 
0.400 
Anthracene...... alcohol 0.430)Stark & Meyer, 1907 
0.436 
PGSIMe lo; 2 san oe alcohol or | 0.589/Nichols & Merritt, 1907 
ae water ‘5 
PPCUUME, ers * alcohol 0.460|Nichols & Merritt, 1907 
Fluorescein. ..... water (al- | 0.542/Nichols & Merritt, 1907 
kaline) : 
Naphthalin, red. .| alcohol - 0.632/Nichols & Merritt, 1907 
Quinine sulphate.| water 0.437|Nichols & Merritt, 1907 
Resorcin blue....| water 0.65 |Nichols & Merritt, 1907 
Rhodamin...... '.| water 0.554|Nichols & Merritt, 1907 
FLUORESCENCE 
GASES AND VAPORS. 
Gator : oie Color or wave 
ou Condition. Excitation. | length of emitted Observer. 
por. light. 
Iodine...|Vapor at or- | Mercury are |Strongest bands 
dinary tem- | \ =.546u > =.5460y, 5774 
perature. .5730, .56796 |Wood, 1911 
Mercury .|Vapor at or- |Spark between/Broad band 
dinary tem- | aluminum »\ =.5900-.3000 | Wood, 1909 
perature electrodes 
OxVeen line rr no Mercury arc in|Strongest lines 
quartz tube »\ =.1849, .1851 
(ultra-violet) Streubing, 1910 
Potassium| Vapor, 3800°- |White light |Many strong lines 
400° C. from .6416— 
.6768, strongest|Wood & Carter, 
,| .6544 and .6584 1908 
Rubidium] Vapor, at White light Strong red band 
270° C. (elec. arc) A =.6900-.6620.}|Dunoyer, 1912 
Sodium ..|Vapor at White light D, \ =.5893 
350 7C. (elec. arc) (mean) Dunoyer, 1912 


_ nifies right-handed rotation, — left. 
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SPECIFIC ROTATION 


The tables give the specific rotation in degrees for one decimeter; 
Rotation is for sodium light. 


+ sig- 


Liquips 
: pe 
Liquid. an Rotation. Observer. 
: Degrees. 
Amy] alcohol. .... oe —5.7 Le Bel 
Camipnor. 2. oo 2: 204 +70.33 | Gernez 
etror oie et. SS. 15 —30 to —40 
PACEOR Oller. . es 15 +62 
Menthol ori... 3 39.2 —49.7 Paterson & Taylor 
Nieotimenc) 2... aaa E +150.0 | Molby 
Oil of turpentine...| 15 —20 to —40 
SOLUTIONS 


Giving the rotation for one decimeter, for one gram of active substance 
in one cubic centimeter of solution. 


Active substance. | Solvent. Te Cc Spec. rot. Observer. 
Albumen, egg. ..| water ... |—25 to —38 
Camphor.......| ether ae +57. Darmois, 1910 
Dextrose (8)....}| water ED +52.5 Tanret, 1896 
Glucose (8).....{| water 20 +51.4 
a OX f0)~- water 15 © 56. 

WT AIEOSOS, fics. a oc water 20 +136.9 

Quinine sulphate] alcohol} 17 —57.5 Oudemans, 1876 

Sugar cane..... water 20 66.5 

Tartaric acid....| water 20 +13.44 | Wendel, 1898 
SOLIDS 


(Rotation per millimeter.) 


Substance. Rotation. Substance. Rotation. 
Cinnabar (HgS)....| 32.5 OUATUR irae speak 2157 
Lead hyposulphate. i b3, Sodium bromate. . 2.8 
Potassium ‘ : 8.4 Sodium chlorate. . Pe 
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MAGNETO OPTIC ROTATION 


a 
Verdet’s Constant: p=—————— 
PtH cos 0 
The specific power of magnetic rotation p, is expressed in the above 
formula, where @ is the total angle of rotation in minutes, ¢ the thickness 
of the substance in centimeters, H the magnetic field intensity in gausses 
and @ the angle between the direction of the magnetic field and the path 
of light. 
. SOLIDS 
For sodium light. 
(Values from the Smithsonian Tables.) 


Substance. Temp. : Come Observer. 
; Minutes. 
Asn DCR sok. Selous aha oe 18-20 | 0.0095 | Quincke 
Blend Win. de aeseovees wee: 15 0.2234 | Becquerel 
Diaiiond ). 5 .78s tees a ees 15 0.0127 | Becquerel 
Hluorsparacuccc vss eect 15 0.0087 | Becquerel 
Cage CLOW este ietn. vedi 15 | 0.0203 | Becquerel 
Li hah ere semen | nag. Cos tge 18-20 0.0420 | Quincke 
HAD blOHSOs fof Gor Oats aan mae 15 0.0647 | Becquerel 
aria :(Aeto, AXIS): Ga a. hee ee 18-20 0.0172 | Quincke 
TGC Bali Ae, Se a? Fe 15 0.0355 | Becquerel 
Belgas. sa 8, cers. ore nine 15 0.4625 | Becquerel 
RA Git Lee amrapet Pee ROMP MRAM Alin Aras. 15 0.0283 | Becquerel 
LiQuips 
For sodium light. 
. Verdet’s 
Substance. - pes Tey Seth bs Observer. 
UNCCLONE, fas tend eee 0.7947 | 20 | 0.0113 | Jahn 
Acids: (seealso solutions 
in water) acetic ..| 1.0561 21 0.0105 | Perkin 
hydrochloric :. v=. T.20/28i0 220 0.0224 | Perkin 
hydrobromic....... 1.7859 15 0.03438 | Perkin 
Silerice fe ee 175190" “13 0.0070 | Perkin 
BU MUNICS 71. tenga see 15 0.0121 | Becquerel 
SulpHUrousan Qe eel, hoc 15 0.0153 | Becquerel 
Alcohols: samy. isn c lire ons oe 15 0.0131 | Becquerel 
Ch Vi toi cate at os ne 0.7929 | 18-20} 0.0107 | Quincke 
Ineth ylides. Wats 0.7915 | 18-20} 0.0094 | Quincke 
Bengiies aie fo ane 0.8796 | 20 0.0297 | Jahn 
Carbon disulphide....| 1.2644 | 18-20] 0.0441 | Quincke 
Chioroform 4.2 6.48 ee 1.4 20 0.0164 | Jahn 
Phosphorus (melted)..|........ os 0.1316 | Becquerel 
Sulphur: (melted): casnr dts cas spueces 114 0.0803 —| Becquerel 
OMENS 5.5, 5 aac oa eae eae eee 28.4} 0.0269 | Becquerel 
DWV SubOr c0 vege a be, < pee earn 18-20} 0.01380 | Schénrock 
AM VIGNG nh. Hos ves lee eae 15 0.0221 | Becquerel 
“Zine: bichloride =: sccsahat soe ek 15 0.0437 | Becquerel 
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MAGNETO OPTIC ROTATION (Continued) 


AQUEOUS SOLUTIONS 
For sodium light. 


ae Verdet’s 
Salt. pees eo Sara Observer. 
Acids: hydrochloric. ..| 1.1856 15 0.0219 | Perkin 
hydrochloric... ..% 1.1279 15 0.0193 | Perkin 
Hydrochloric...) .. 1.0323 20 0.0150 | Jahn 
WRN ears ts sd 1.3560 | 20 0.0105 | Perkin 
PRAMAS oe ase | 0.8918 15 0.0153 | Perkin 
Bromides: barium....| 1.5399 | 20 0.0215. | Jahn 
Br Otaeit. ak. ss, 1.1424 | 20 0.0163 | Jahn 
BU ec oe os 1. hook |)" 20 0.0165 | Jahn 
Carbonate of potas- 

SAU 2 tr. et 1.1960 | 20 0.0140 | Jahn 
Carbonate of sodium..| 1.1006 20 0.0140 | Jahn 
Chlorides: barium. ...| 1.2897.} 20 0.0168 | Jahn 

FEC LECTUS) 60 te os Webel se Ol 20 0.0185 | Jahn 
CRON Gh oe. i, Vie 1.1504 | .20 0.0165 | Jahn 
iron (ferrous)...... 1.4331 15 0.0025 | Becquerel 
eee TeTLIG), 2". 5,» 2°: 1.6933 15 |—0.2026 | Becquerel 
REDE oe wos aakyi-. 4 bb. 0G19 fb 20 0.0145 | Jahn 
VEC 1) i ra aa aoa 1.0381 16 | 0.0137 | Schénrock 
Wa) Ee ene 1.6000 15 0.0163 | Becquerel 
BOUMAR Ge) iscg:s cs os 1.2051 hea .0.0180 | Becquerel 
PAR Cie ee oc. es 1.2851 a5 0.0196 | Verdet 
Bichromate of potas- 

SRE 2 ee 0760 b-15 0.0126 | Verdet 
Todides: potassium...| 1.6743 | 15 0.0338 | Becquerel 
Sulphates: barium....| 1.1788 | 20 0.01384 | Jahn 

-potassium,;....... 1.0475 | 20 0.0133 | Jahn 
SO CUNE SS: “ates So ces ee oes 1.0661 20 0.0135 | Jahn 
GASES - 
For sodium light. 
. Verdet’s 
Substance. Pressure.| Temp. constant, Observer. 
tC minutes. 
Atmospheric air... .| atmos. jordinary | 6.83<10~-% Becquerel 
Carbon dioxide... ..| atmos. |ordinary |13.00 Becquerel 
Carbon disulphide. .| 74 cms.| 70° 23.49 Bichat 
PitRVIeHO! cas: atmos. |ordinary |34.48 Becquerel 
Proven fos cine atmos. |ordinary | 6.92 Becquerel 
Nitrous oxide. ..... atmos. |ordinary |16.90 Becquerel 
rey COU h ers carat nt atmos. jordinary | 6.28 Becquerel 
Sulphur dioxide... .| atmos. | ordinary | 31.39 Becquerel 
Sulphur dioxide. .../246 cms} 20° 38 .40 Bichat 
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MISCELLANEOUS TABLES 


a RAYS 


The @ rays are thought to be positively charged particles, 
moving with a high velocity. They are only slightly deviable 
by a strong magnetic or electric field and have small penetrating 
power. The initial velocity has been found to be about 210° 
ems./s. The mass of each particle is 6.2X10-4g. (Rutherford 
and Geiger, 1910.) - The charge carried by each, as measured by 
the same authors, is 9.310- electro static units. 


6B RAYS 


The £6 rays are similar to the cathode rays produced by an 
electric discharge in a vacuum tube. They are judged to be 
negatively charged particles moving with high velocity. They 
are much more penetrating than the a rays, and are strongly 
deviated by a magnetic or electric field. The velocity of the 
moving particle is in the neighborhood of that of light, about 
2X10! em./s. The charge on each particle is approximately 
4.7X10-1° electro static units. 


y RAYS 


The y rays are similar to the X rays and are not deviable 
by magnetic or electric fields. They are more penetrating than 
either the a or 8 rays, and are considered to be of the nature 
of wave pulses in the ether. 


— RONTGEN RAYS 


ScALE OF HARDNESS 


The “‘radiochrometer”’ of Benoist consists of a disk of silver 
0.11 mm. thick, which is surrounded by 12 sectors of aluminum 
ranging in thickness from 1 to 12 millimeters. The sector 
which shows the same absorption as the central disk gives the 
degree of hardness according to Benoist. The relation of this 
to other scales is shown below. 


Benoist. G4 ee ee 2. 3 4 ae Gee « pyeeeyte 8 
Webnelt, <-227. oe eee 1.82; 6° 6:5" 1.573 29-2 10a 
Walter: ss eee ee 2.0-3 45 56 6 6-7 7 7-8. 


The absorption of rays is very nearly proportional to the 
mass of substance penetrated. 7 
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DECLINATION OF THE SUN AND EQUATION OF TIME 


Be eS a meek Ria Re eee RR RS 


Decli- | Diff. |Equation Decli- | Diff. | Equation 
Date. nation. | 1 day.| of time. Date. nation. | 1 day.| of time, 
° a m 3 oO fe) m 3 
Sau: ies 28 et Od | se Pa duly 090) 422.4 | 0.15. (+ 4 49 
10 | —22.0 | 0.18 |+ 7. 42 19°} +20:9 | 0.21 |+ 5 ‘58 
20 204 I Oeaocha bt. Le 29 +18.8' |) 0,26 |'-+- 6 13 
SO lest og 0. ade) le “32 Aug.” 8.) 1642") 0.380) 8 27 
Feb. 9 | —14.7 | 0.34 |+14 27 1 +13.2 | 0.84 |+ 8 44 
19°} =11.3 | 0.37 | +14. 5 28 | + 9.810.386 /+ 12 11 
Mar. 1] — 7.6] 0.38 |+12 .36)| Sept. 7 |-+ 6.2 | 0.89 |— 1 59 
11} — 3.8.| 0.40 |}+10 15 Ee | = 2. 3S O39 NSF 96 
21 | + 0.2] 0.389 |}+ 7 23) 27 | — 1.5 | 0.88 |— 8 55 
ST ese 4a be Ones leere TRO Octi Z| +.5. 45 (OL88 a 12 4 
Apr. 10 |.+ 7.9 | 0.35 |+ 1 23 17 | = 9.2} 0.35 |—14 31 
20 +11.4 | 0.33 ;- 1 5 27 —12.7 | 0.32 | —16 0 
30 | +14.7 | 0.29 |— 2 52|| Nov. 6 | —15.9 | 0.26 | —16 16 
May 10/| +17.6 | 0.23 |— 3 48 Oa | S087 (5 ON 22. |= 1m 
20 | +19.9 |} 0.18 |— 3 45 26 | —20.9 | 0.16 | —12 36 
30 | +21.7 | 0.12 |— 2 49]| Dec. 6 | —22.5 10.08 |— 8 54 
June 9/] +22.9|} 0.05 }— 1 11 1@>| 5 — 23-2) 0. OF — 47 17 
19 | +23.4 | 0.01 |+ 0 55 26 | —23.4 | 0.08 | + 0 (41 
2ort oa a 1.09. |-+.-3a 2. ll Jan. 5) — 22.6.1. 2. +5 34 
MEAN PLACES OF STARS 
Jan. 0, 1913 
(Ephemeris, 1913.) 
Name of star. Right Ascen. ae Declination. ae 
heey s s a , ” ” 
Andromeda (Alpheratz).; O 3 53.3}/+ 3.10/4+28 36 36.5}+19.88 
Urse Min. (Polaris)....| 1 28 19.0|+28.06/+88 50 29.4) +18.58 
INTC Sg eae ee Be pire O 29) hs BO Re oe 321. FOL ede 2 
MPOTSClse neds haus fe era ce oe ei te dke’ 6.3|+ 4.27);+49 33 8.6] +12.98 
Tauri (Aldebaran)...... 4 30 55.6/+ 3:44/4+16 20 6.7/4+ 7.41 
Aurigee (Capella)....... 5 10 15.6)+ 4.43)/+45 54 388.2}/+ 3.89 
@rionis,; (Rigel) s. . 6..4.c% 5 10 21.4,+ 2.88|\—-8 18 5.0/+ 4.31 
OVO a sen, cok aye we one 5 31 47.9'+ 3.04/— 1 15 24-014 2.46 
igi As a! 5 53 8.9/+ 4.40/+44 56 22.9/4 0.59 
Canis Majoris. 2... 0. >. 6 ©b8 i524) 2-04 —17" 54> 43-1) 1-65 
Canis Majoris (Sirius)... 6 41 18.9)+ 2.64/—16 35 46.2! — 4.80 
Canis Majoris.......s.. 6.55 12.4/+ 2.36)/-—28 51 11.0|— 4.78 
Can. Min. (Procyon).. 7 384 #44.9/+ 3.14/+ 5 26 54.8]/— 9.09 
155076 C5 oe oa eR 9-23 18.8) 2°05) -- S16" 51.4] —15.51 
Leonis (Regulus)....... 10 38 44.4)+ 3.20/4+12 23 34.1!—17.52 
Wirseei Majors. 4... 6. o 10. 58 +22.2)/+ 3.73)}+62 43) 15.3) —19.40 
Leonis (Denebola).. JL 44 37.4)+ 3.06)/4+15 3 30.4) —20.12 
Ursze Majoris (Alioth) . Jj12 50 12.3)+ 2.65/+56 -25 54.8) —19.58 
Virginis (Spiea)........ 13 20° 36.5) =+--3.16|—10 42° 26.8) —18.85 
Bootis (Arcturus)....... 14 1b 41-6) 2-74)-F19 38) 527) —18.83 
irs WViMeris v5 355 14 50 56.9|— 0.21/+74 30 39.7| -14.72 
Seorpii (Antares).......j16 24 4.2|+ 3.67)—26 14 23.1/— 8.18 
SHOT ileeds chet, Reece $7 27 ) 44.914 4.07) =38% 22) 28-31 — 2.34 
Opiiucht wf... ee. 7300) 53078) 25 2.9812 B87) 212 — 2 te 
Urse Minoris.......... 480 19.3) =19.50) +86. 36°. 51.1) + 6.08 
Pare. Vera hates <cs ; baerss 7 59, Gle- 2.03)--38 942) 7°6)-273724 
Cygni (Deneb).. ...(20 38 27.9|/+ 2.041444 58 8.3/+12-78 
Aquile (Altair)......... $e 460" 323. 3ich 2. 93) = 18-0388) (16. 1) -+..9..37 
Pisce. Aust. (Pomalnast) 22.52 50.38\/+ 3.82|—30 5; 1.1|-+-19.02 
Pegasi (Markab) . 23 0 25.6/+ 2.99|/+14 44 13.1/+19.33 
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APPROXIMATE CORRECTION FOR REFRACTION 


For ASTRONOMICAL OBSERVATIONS 


Corresponding to temperature of 50° F., and to a barometric pressure 
of 29.6 inches. 
(From Young’s General Astronomy, by permission.) 


Altitude.| Refraction. Altitude. | Refraction. || Altitude. | Refraction. 
o ef a O° , at ° , tt 
0 34 50 il cs a (Be rf 30 1 1 B95 
1 Pil pe 12 AA 35 1 2 o aT 
22 18 06 13 04.4 40 1 08.6 
3 J45 13 14 Sway at) 45 Seo 
4 N37 16 3° 18-2 50 48.3 
{5} 9 45 18 Dae OD 55 40.3 
6 SE: 20 2) ata 60 oone 
vf fh See) 22. DPE RONG 65 26.8 
8 6 29 24 2 08.6 70 20.9 
9 iy KY) 26 157-6 80 10.2 

10 By 1S 28 1 48.0 90 0.0 


For every 5° F. by which the temperature is less than 50° F., add one 
per cent to the tabular refraction, and decrease it in the same ratio for 
temperatures above 50° 

Increase the tabular refraction by three and a half per cent for every 
inch of barometric pressure above 29.6 inches, and decrease it in the same 
ratio below that point. These corrections for temperature and pressure, 
though only approximate, will give a result correct within 2’” except in 
extreme cases. 


DATA IN REGARD TO THE EARTH 
(Radius, U. 8. C. & G. Survey.) 
Equatorial radius, 6,378,388 meters, 3,963,399 miles. 
Polar radius, 6,365,909 meters, 3,949.992 miles. 
1° latitude at the equator =68.70 miles. 
1° latitude at the pole =69.41 miles. 
Mean density of the earth, 5.52 g. per cu.cm. 
Mean distance from the earth to the sun 
149,500,000 kilometers, 
92, 900, 000 miles. 
Mean distance from the earth to the moon 
384,393 kilometers, 
238,854 miles. 


DATA CONCERNING THE SOLAR SYSTEM 


(Values from Young’s General Astronomy, by permission.) 


Mean dis. 

ae ac Mass, Mean 
from sun, | Period in | Mean dia. : 

Name. millions years. in miles. the earth eee 

of miles. isc 
Mercury..... 36.0 0.24 3030 0.047 ANTO 
Wens. cee G7. 2 0.62 7700 0.82 4.94 
The earth. ... 92.9 1.00 7917.6 1.000 Das 
WiarsiG > sae 141.5 1.88 4230 O23 07 3.92 
SUpPlterscs-he ee 483.3 11.86 86500 Sl faak Sy 
Sacurns soot 886.0 29.46 73000 94.8 0.72 
Wrantis? 2.8. Wg) OG Bien 84.02 31900 14.6 1 ape 
Neptune..... 2791.6 164.78 34800 17.0 teal 
MT, ose SA oc Bree rae alls Sea eee ae 866400 332000 1.39 
MG On:. 2. dice ed nn cote ee | eee 2163 3.39 
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METEOROLOGICAL DATA 


THE ATMOSPHERE 


Total mass, estimated by Elkholm: 
5.2 X10?! grams. 
11.4 X10 pounds. 
Composition: 
The total volume =1. 


Elevation. 
Substance, 
Sea level. 10000 meters. | 50000 meters. 

POOR bo oe oes Sg sas 0.009 “| 0.006 0.0003 
Carbon dioxide....... 0.0003 0.00015 0.0000 
MAGUWM:. oie eee 0.0000015 0.0000 0.00126 
PIVOTOSOD = os ocr ci 0.0001 0.00035 0.136 
IGEN oo Skewes 0.000015 0.00002 0.0000 
BNAPFOREL «acsicia.s cee 0.780 0.812 0.792 
SPRPOCNS oc, ce wre 3 Seas ama eed TY) 0.182 0.070 


ATMOSPHERIC POTENTIAL 


The potential of the atmosphere increases with the elevation 
130 to 200 volts per meter. 


VELocITY OF SEISMIC WAVES IN THE EARTH’S CRUST 


(EOE G0 RU RI ee ae 4 to 14 kilometers per sec. 
Pe VGEOce he. od gir ere iin es At to) oes 3 to 10 kilometers per sec. 


ANGULAR RApDIUS OF HALOS AND RAINBOWS 


Coronz’' due to small water drops......:......... 1 to.40y 
Small halo, due to 60° angles of ice crystals........ 22° 

Large halo, due to 90° angles of ice crystals Pitta 46° 
ET SS ig a) 69 eee oe ee a AL? 20° 
Rainbow, secondary.......... PU ere ene Do. Oe 


SoLAR CONSTANT 


The energy falling on one sq.cm. area at normal incidence 
equals 1.92 small calories per minute. 
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ACCELERATION DUE TO GRAVITY AND LENGTH OF 
THE SECONDS PENDULUM 


For Sra Levet at DIFFERENT LATITUDES 


— 


Latitude. ohgeces tt. /seo.? Length in em, |Length in ins. 
0° 977 .989 32.0862 99.0910 39.0121 
5 8.029 .0875 .0950 -0137 

10 . 147 : .0916 .1079 .0184 

15 . 339 .0977 .1265 .0261 

20 . 600 . 1062 _ 1529 .0365 

25 978.922 32.1168 99.1855 39.0493 

30 9.295 .1290 . 2234 .0642 

31 .374 51316 3 

32 .456 . 1343 

33 . 538 . 1370 

34 979.622 32.1398 

35 fh Oye . 1425 2651 .0806 

36 .793 . 1454 

37 . 880 . 1490 

38 . 968 .1511 

39 980.057 32.1540 ; 

40 7147 . 1570 . 3096 .0982 
: 41 aan . 1607 

42 oad . 1630 

43 .418 . 1659 

44 980.509 32.1688 

45 . 600 1719 .3555 . 1163 

46 691 1748 

47 782 1778 

48 873 1808 

49 980.963 32.1838 

50 1.0538 . 1867 99.4014 39.1344 

51 . 148 . 1896 

52 2a .1924 

53 .318 . 1954 

54 981.407 32.1983 

55 .493 . 2011 .4459 .1520 

56 .578 » , 2039 

57 . 662 . 2067 

58 . 744 . 2094 | 

59 981.825 32.2121 

60 . 905 . 2147 .4876 . 1683 

65 2.278 . 2276 . 5255 . 1832 

70 . 600 . 2375 . 5581 . 1960 

75 .861 . 2460 99.5845 39.2065 

80 983.053 32. 2523 . 6040 .2141 

85 sleet . 2562 .6160 . 2188 

90 .210 . 2575 - 6200 . 2204 


eee EEUU ENE EIEIERSIINSDEenn snot 
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MISCELLANEOUS CONSTANTS 


Mean radius of the earth, 6.3871 *108 cm. = 63871 kilometers. 

1 degree of latitude at 40° =69 miles. 

1 knot or nautical mile=1’ of-are on the earth’s surface at 
the equator. 

Mean density of the earth, 5.52 grams per cu.cm. 

Constant of gravitation, K =6.667<X10—-8=the attraction in 
dynes between two gram masses one centimeter apart. 

Acceleration due to gravity at sea level, lat. 45°=980.60 cm. 

per sec. per sec. = 32.172 feet per sec. per sec. 

Length of seconds pendulum at sea level, lat. 45°=99.356 | 

em. =39.116 in. 


’ Density of mercury at 0° C.=13.5955 g. per c.c. 
Density of water, maximum at 3.98° C. =0.999973 B. per ¢.c. 
Density of dry air at 0° C. and 760 mm. = .001293 g. per c.c. 


Velocity of sound in dry air at 0° C., 33,186 cm. per sec. = 1089 
feet per sec. 

Velocity of light in a vacuum =2.9989 X10?° cm. per sec. 
984 X 108 feet per sec. 


Heat equivalent of fusion of water 79.24 cal. per gram. 

Heat equivalent of vaporization of water, 535.9 cal. per gram. 
Coefficient of expansion of gases, 003665. 

Specific heat of air, at constant pressure, 0.238. 


Electrochemical equivalent of silver, 0.001118 g. per sec. per 
ampere. 

Mean wave length of sodium light, .00005893 cm. or 5893. 
Angstrém units. 

‘Absolute wave length, of red cadmium line in air, 760 mm. 

pressure, 15° C., Angstrém units: 6438.4722 (Michelson); 

6438.4696 (Fabry and Perot). 


GREEK ALPHABET _ 


Greek Greek English Greek Greek English 
letter name equivalent letter name equivalent 
Aa Alpha a Nv | Nu n 
BB Beta b Be |. Xi x 
I'y Gamma g Oo | Omicron fs) 
A8 Delta d Ila] Pi p 
Ke Epsilon 8 P p | Rho r 
Z¢f Zeta ee | xo) Sigma 8 
Hy Eta 8 Tr | .Tau t 
@ 6 Theta th Yv | Upsilon eu 
o% Tota i ® | Phi , ph 
K x Kappa _ k XY. Gh ch 
Ax Lambda | Www | Psi ps. 
Mp | Mu m Qw | Omega ) 


DEFINITIONS AND FORMULZE 


FUNDAMENTAL CHEMICAL LAWS 


Scientific laws are statements of facts which have been estab- 
lished by direct experiment. 

Boyle’s Law for Gases.—At a constant temperature the vol- 
ume of a given quantity of any gas varies inversely as the pressure 
to which the gas is subjected. This idea is expressed in the fol- 
lowing formule: 


PV =a constant, or P=tVV, or V=WP, or PV=P,V; 


The Law of Combining Weights.—If the weights of elements 
which combine with each other be called their ‘combining 
weights,” then elements always combine either in the ratio of 
their combining weights or of simple multiples of these weights. 

Law of Definite Proportions.—In every sample of each com- 
pound substance the proportions by weight of the constituent 
elements are always the same. 

Dalton’s Law of Partial Pressures.—The pressure exerted by 


a mixture of gases is equal to the sum of the separate pressures © 


which each gas would exert if it alone occupied the whole volume. 
This fact is expressed in the following formula: 


PV=V(pitpet+Ds, ete.) 


Faraday’s Law.—The amounts of decomposition effected by 
the passage of equal quantities of electricity through them are, 
for the same electrolyte, equal, and for different electrolytes are 
proportional to the combining weights of the elements or radicles 
which are deposited. 

Gay-Lussac’s Law for Gases (or Charles’ Law).—At a constant 
pressure, the volume of a given quantity of any gas increases 
about 1/273 of its volume at 0° C. for each rise of 1° C. and at 
constant volume the pressure of a given quantity of any gas 
increases about 1/273 of the pressure at 0° C. for each rise of 
1° C. in temperature. 

Gay-Lussac’s Law of Combining Volumes.—lIf gases interact 
and form a gaseous product, the volumes of the reacting gases 
and the volumes of the gaseous products are to each other in 
very simple proportions, which can be expressed by small whole 
numbers. 2 Ly 

Hess’ Law of Constant Heat Summation.—The amount of 
heat generated by a chemical reaction is the same whether 
reaction takes place in one step or in several steps, or all chemical 
reactions which start with the same original substances, and end 
with the same final substances, liberate the same amounts of 
heat, irrespective of the process by which the final state is 
reached.  — 

Henry’s Law.—The amount of gas which a liquid will dissolve 
is directly proportional to the pressure of the gas. This holds 
for all gases which do not unite chemically with the solvent. 
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The Law of Mass Action.—At a constant temperature the 
product of the active masses on one side of a chemical equation 
when divided by the product of the active masses on the other 
side of the chemical equation is a constant, regardless of the 
amounts of each substance present at the beginning of the action. 

Law of Multiple’ Proportions.—Two elements may combine 
in more than one proportion by weight, but if so, the weights of 
one element which combine with a fixed weight of the other 
element, are always in a simple ratio to each other. 

The Periodic Law.—The physical and chemical properties of ° 
the elements are functions of their atomic weights, and most 
of these properties are periodic functions of the atomic weights. 


FUNDAMENTAL CHEMICAL THEORIES 


A scientific hypothesis is an endeavor to form a rational 
mental picture of the causes which lead to a group of observed 
Pee even though these causes may not be subject to direct 
proof. 

A scientific theory is an hypothesis whose consequences have 
been so thoroughly tested by experiment that it has become 
generally accepted as the correct explanation for a group of facts. 

The Atomic Theory.—All elementary forms of matter are com- 
posed of very small unit quantities called atoms. The atoms 
of a given element all have the same size and weight. The 
atoms of different elements have different size and weight. 
Atoms of the same or different elements unite with each other 
to form very small unit quantities of compound substances 
called molecules. : 

Avogadro’s Theory.—Equal volumes of all gases under the 
same conditions of temperature and pressure contain equal 
numbers of molecules. 

The Electrolytic Dissociation or Ionization Theory.—When an 
acid, base or salt is dissolved in water or any other dissociating 
solvent, a part or all of the molecules of the dissolved substance 
are broken up into parts called ions, some of which are charged 
with positive electricity and are called cations, and an equivalent 
number of which are charged with negative electricity and are 
called anions. 

Electrolytic Solution Tension Theory (or the Helmholtz Double 
Layer Theory).—When a metal, or any other substance capable 
of existing in solution as ion is placed in water or any other dis- 
sociating solvent, a part of the metal or other substance passes 
into solution in the form of ions, thus leaving the remainder of 
the metal or substance charged with an equivalent amount of 
electricity of opposite sign from that carried by the ions. This 
establishes a difference in potential between the metal and the 
solvent in which it is immersed. 

The Electron Theory.—An atom of any element consists of a 
definite number of unit negative charges of electricity moving 
in orbits inside the atom with velocities which approach the 
velocity of light. 
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DEFINITION OF CHEMICAL TERMS . 


An Acid is any substance which yields hydrogen ions. _ 

The Active Mass of a substance is the number of gram-molec- 
ular-weights per liter in solution, or in gaseous form. 

Adsorption. The ability of a solid to condense gases, liquids, 
or dissolved substances on their surfaces is called adsorption. 
It is a manifestation of the force of adhesion. 

An Atom is the smallest unit quantity of an element that is 


_ capable of entering into chemical combination. 


Ee 


A Base is any substance which yields hydroxyl ions. 

A Balanced or Reversible Action is one which can be caused 
to proceed in either direction by suitable variation in the con- 
ditions of temperature, volume, pressure or of the quantities 
of reacting substances. 

A Catalytic Agent is a substance which by its mere presence 
alters the velocity of a reaction, and may be recovered unaltered 
in nature or amount at the end of the reaction. 

A Colligative Property is a property numerically the same for 
a group of substances, independent of their chemical nature. 

A Constitutive Property is a property which depends on the 
constitution or structure of the molecule. 

A Cryohydrate is the solid which separates when a saturated 
solution freezes. It contains the solvent and the solute in the 
same proportions as they were in the saturated solution, 

The Combining Weight of an element or radicle is its atomic 
weight divided by its valence, 

A Eutectic is that alloy of two or more metals which has the 
lowest melting point, 

The Hydrogen Equivalent of a substance is the number of 
replaceable hydrogen atoms in 1 molecule or the number of atoms 
of hydrogen with which 1 molecule could react. 

The Heat of Combustion of a substance is the amount of heat 
evolved by the combustion of 1 gram molecular weight of the 
substance, 

An Ion is a charged atom or group of atoms in solution. Solu- 
tions always contain equivalent numbers of positive and negative 
ions, 

A Moleculeisthesmallestunit quantity of matter whichcan exist 
by itself and retain all the properties of the original substance, 

A Molar Solution contains 1 gram molecular weight of dis- 
solved substance per liter of solution, ; 

A Normal Solution contains 1 gram molecular weight of dis- 
solved substance divided by the hydrogen equivalent of the sub- 
stance per liter of solution. 

Oxidation is any process which increases the proportion of 
oxygen or acid-forming element or radicle in a compound. 

Reduction is any process which increases the proportion of 
hydrogen or base-forming elements or radicle in a compound, 

A Salt is any substance which yields ions, other than hydrogen 
or hydroxyl ions. ; 

The Solubility Product or precipitation value is the product 
of the concentrations of the ions of a substance in a saturated 
solution of the substance. 
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-ONE HUNDRED COMPLETED CHEMICAL EQUATIONS 


1. He PtCl, + 2KCI = 2HCI + K,PtCl. 
2. KePtCls + heat = 2KCl + Pt + 2Cl, 
+ 2 KHC,4Hi0¢ + NaOH = KNaGiH40¢ + H,.O 
4, Na.Q, + 2H2O = 2Na0H + H,0,% 
ee + 4H.SO,4 -+- 5H2O02 = 2KHSO,-+ 2MnSO, -f- 8H.O 
aa 
6. 2KI + H.0,. = 2KOH + I, 
1. QAWGl, -+ 3H202 a 6NaOH = 6NaCl + 6H.O +- 30% -+- 2Au 
(b 8. ae + 2KOH + H:O, = 2KC1+ H,0 + MnO. (OH). 
rown 
9. 2NiCl, + 4KOH + H,02 = 4KCI + 2Ni (OH); (black) 
10. 2CoCl, + 4KOH + H2O2 = 4KCl + 2Co pays (black) 
Th MgCl, + NaeHPO, ote NH; = 2NaCl +. MgN H.uPO, 
12. 2BaCl. + KeCr207 + H20 = 2BaCrO, + 2HCl + 2KCl 
13. AICI; + 3KOH = 3KCl + AI1(OH)s; 
14. Al (OH); + 3KOH = 3H,0 + Al(OK); 
(OH) 2AICls + 3Na28.03 + 3H20 = 6NaCl + 3S + 8802 + 2Al 
3 / 
16. 2CrCl,; — 3(NH,).8 + 6H,0 = 6NH.Cl -b 3H.S te 2Cr(OH); 
17. CrCl3 + 8NaCeH302 + 4H20 + 8Cl = 6NaCl + 8HC2H;0, 
+ NaeCrO, 
18. 2CrCl; a. 38Mn0O, ae 2H.O = 8MnCl, + 2H2CrO, 
19. K.,Cr207 -}- 2KOH = H.O + 2K.CrO, 
20. K.Cr.07 + 6FeSO, 4 7H2SO,4 = 7H,O +- K,SO, +- 3Fe, 
ee + Cr2(SOx)s 
1. K.Cr.07 + 6HI + 4H.SO;4 = K.SO,4 a Creo(SO4)3s+ 7H. 61 
5a K.Cr.07 + 14HCI = 2KCI + 2CrCl; + 7H2,0 +38C 
23. FeCl, + 2KCN =2KCI + Fe(CN),. 
24. FeCN, + 4KCN = K,[Fe(CN)<]: 
25. FeCl, -f- 3NaC.H;30.2 = 3NaCl 4- Fe (CoH302 )3 
26. Ce -+ 2H. = 2HC.H;0. 4- Fe (OH). (CyH302) 
Sis ay ae + 6H2SO, + 6H,O0 = 2K.S80,4 + FeSO, 4- 
3(NH4)2SO4 + 6CO 
29. 2MnSO, + 5PbO2 + 6HNO; = 2PbSO, + 3Pb(NOs3)2 + 2H2O 
-- 2HMnO, ‘ 
31. MnSO,4 + 2NaeCO3 + O2 = 2COz + NasSO,4 + NaoMnO, 
32. 2KMnO, + 10FeSO,. + 8H280.4 = K2SO,4 + 2MnSO, + 5F ees 
(SO.4)3 + 8H.O 
DO. 2KMn0O, + 38MnSO.4 a 2H,O = K.S0O, +. 5MnO, -f- 2H.SO,4 
. 84. NiCl. + 6NH3 = Ni(NHs3).Cl 
35. NiCl, + 2KCN = 2KCI + Ni(CN), 
36. Ni(CN)2 + 2KCN = K.Ni(CN), 
37, CoCl, + Z2KNO, = Co(NOz)2 + 2KCl 
38. Co(NOs2)e 4. 2HNO, = H.O +. NO -4- Co(NOs)s 
39. Co(NO2)3 + 3KNOz, = K3;Co(NOz)s 
40. 3Zn + 8HNO; = 3Zn(NOs3). + 4H2O + 2NO 
41. Zn + 2KOH = K.ZnO. + He 
AP: Zn(OH)s. a. 2NH.Cl -- 4NH; =, Zn(N Hs)sCla x 2H,0 
43. ZnCle + aca = 2KCl + Zn (CN), 
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. Zn(CN)2 + 2KCN = KeZn(CN), 

. 8Hg + SHNO; = 8Hg(NOs3)2 + 4H20 + 2NO 

. HgCl, + 2NH; = NH.Cl + HgNH.Cl 

: 3HeCls + 2H.S = 4HCl + See (white) 

e HegsCleSe a Ho5t= PAs Oi +. Stal 

° 3Hg (NOs) + 6FeSO, = shen), “8 neg + 3Hg 
" QHeCl + 2NH, = NH.Cl + HgNH,Cl + He 

. Hge(NOs)2e + Hes = 2HNOs; + HgS a Hg 

. Pb(NOs3)2 + 2KOH = Pb(OH): + 2KNO; 
. Pb(OH)2 + 2KOH = K2PbO2 + 2H20 

. 2PbCl. + H2S = 2HCl + PbCl..PbS (orange) 

. PbCl..PbS + H.S = 2PbS + 2HCl 

. 83PbS + 8HNO; = 3Pb(NOs3)2 + 4H20 + 2NO + 388 
. BiCl; + H,O = 2HCI + BiOCl 

. SnCl, + 2KOH = 2KCl + Sn(OH),. (white ppt.) 

. Sn(OH)2 + 2KOH = K2SnO-2 + 2H20 (soluble) 

. 2BiCl; + 6KOH = 2Bi(OH); + 6KCl 

" 2Bi(OH); + 3K:8n0, = 3H,0 + 3K,8n0; + Bi, (black) 
. 8Cu + 8HNO; = 4H2O + 38Cu(NOs)2 + 2NO 

Be si ob H.SO, = H.O + SO, ao CuO 

. CuO + H.SO, = CuSO, + H,O 

. 2CuSO, + 2NH,OH = (NH4)2SO4 + CusSO,y - (OH)2 

: CurSO0,(OH)» ae (NH4)2SO4 —- 6NH; = 2[ Cu(N Hs), ] 

. H,O (soluble, blue) 

8. 2Cu(NH3)sSO. . H2O + 9KCN = Cue(CN)sNHy, . Ks + 


Baan + 6NH; + NHiCNO 
9. Cd(NOs3)2 + 2KCN = 2KNO; + Cd(CN)z | 


. Cd(CN)o+ 2KCN = K,Cd(CN)¢ 

. KeCd(CN), + HoS = 2KCN + 2HCN + CdS 

‘ H;AsO, + HS = H,O + Ss + H;AsO3 

2H;AsQO3 + 3H.S == 6H,O.+ AsSs3 

5 AsoS3 + 3(NH4,4)2S = 2(NH,4)3As83 

. 2(NH,)3As83 + 6HCl] = 6NH,.Cl + As.S3 + 3H2S 

Ys AsoSs5 + 3(NH,)2S = 2(NH,)3AsS.. 

“5 2(NH,)3AsSq — buCL = As2Ss5 + 3H.S + 4NH.,CIl. Anti- 


reactions same as arsenic 


. sen + 4HNO3 = H,O + 3H2Sn0O3 se 4NO 
. SnCl, + HS = SnS + 2HCl 
'e SnS + (NH,4)2Se = (NH,)2Sn83 


(NH,4)2Sn83 + 2HCl = 2NH,Cl + HS +- SnS8e 


* SnCl, fe 2H2S = SnS_ + 4HCl 

. SnSe + (NH,4)2S = (NHa,)28nS83 
. SnO. + 2KCN = 2KCNO + Sn (fusion) 

. AgoO + 2NH,OH = 2(AgNH;3)OH + H2O 

. AgCl + 2NH.0OH = 2Ag(NHs3).Cl 

. AgCl + 2KCN = KAg(CN),. + KCl 

. 6NH.OH + 2NH;3 + 8Cl, = 6H2,0 + 6NH.Cl + Ne 
. 6NaOH + 3Cl. = 5NaCl + NaClO; + 3H.O 

. H.SO,4 + 2HI aoe H.O + H:2SO3 + I, 
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“93. H.SO.+8HI =4H,0+H28 +41, 
94. 2NaeS203 +I. =2Nal + NaeSgOr 
95. HsPO4 + 12(NH4)2MoO,4 + 21HNO; = (NH,)3P04.12M003 ‘ 

+21(NH,)NO;+12H20 
96. (NH,)sPO4. 12M00;+24NH,OH = (NH,);PO0,+12(NH,)2 
Mo0;+12H30 aes 
97. 6FeSO4+3HSO, ob 2HNO; = 3F ee (SOx)3 +4H2O +2NO 
98. Fe(NO3)2+NO =Fe(NO3)2.NO 
99. KCIO3 +3HSO, + 6FeSO, = 3F es (SOx)3 +3H2.2O +KE€El 
100. NagSiO; +2NH.,Cl +2H.,0 =2NaCl +2NH,0H +H2SiO; 


PHYSICAL TERMS, QUANTITIES AND UNITS 


Mechanics 


Unit of Time.—The second, 1/86400 of a mean solar day. 
One of the three fundamental units of the C. G. 8. system. 

Unit of Length.—The centimeter, 1/100 the length of the 
International Prototype Meter, at Paris, at zero degrees centi- 
grade. One of the three fundamental units of the C. G. S. sys- 
tem. ‘The standard in the British system is the yard, the proto- 
type of which is kept by the British government. The United 
States standard yard is defined as 3600/3937 meter. 

Unit of Area.—The square centimeter. The area of a square 
whose sides are one centimeter in length. Other units of area 
are similarly derived. 

Unit of Volume.—The cubic centimeter, the volume of a cube 
whose edges are one centimeter in length. Other units of volume 
are-derived in a similar manner. 

Mass.—Quantity of matter. 

Units of Mass.—The gram is 1/1000 the quantity of matter 
in the International Prototype Kilogram; one of the three 
fundamental units of the C. G.S. system. The British standard 
of mass is the pound, of which a standard is preserved by the 
government. The United States standard mass is the avoir- 
dupois pound defined as 1/2.20462 kilogram. 

Inertia.—The resistance offered by a body to a change of its 
state of rest or motion. A particular aspect of a mass; the 
terms are practically synonymous. 

Density.—Concentration of matter, measured by the mass 
per unit volume, expressed as grams per cubic centimeter. 

Specific Gravity.—The ratio of the mass of a body to the mass 
of an equal volume of water at 4° C. 

. Angle.—The ratio between the are and the radius of the are. 

Units of Angle.—The radian, the angle subtended by an arc 
equal to the radius; the degree, 1/360 part of a circumference. 

Solid Angle.—Measured by the ratio of the surface of the 
portion of a sphere enclosed by the conical surface forming the 
angle, to the square of the radius of the sphere. 

Unit of Solid Angle.—The steradian, the solid angle which 
encloses a surface on the sphere equivalent to the square of the 
radius. . 

| 255 


HANDBOOK OF CHEMISTRY AND PHYSICS 


Speed.—Time rate of motion measured by the distance moved 
over in unit time. Unit—one centimeter per second. 

Velocity.x— Time rate of motion in a fixed direction. Unit— 
one centimeter per second. 

Angular Velocity—Time rate of angular motion about a 
center. Unit—one radian per second. 

Acceleration.—The time rate of change of velocity either in 
speed or direction measured by the change in unit time, Unit— 
one centimeter per second per second. 

Angular Acceleration.—The time rate of change of angular 
velocity. Unit—one radian ‘per second per second. 
Momentum.—Quantity of motion measured by the product 
of mass and velocity. Unit—one gram-centimeter per second. 

Angular Momentum or Moment of Momentum.—Quantity 
of angular motion measured by the product of the angular 
velocity and the moment of inertia. Unit—unnamed, ‘its 
nature is expressed by g.cm?/sec. 

Force.—That which changes the state of rest or motion in 
matter, measured by the rate of change of momentum. Unit— 
the dyne, the force which will produce the change of velocity of 
one centimeter per second in a gram mass in one second, 

Moment of Force or Torque.—The effectiveness of a force 
to produce rotation about a center, measured by the product 
of the force and the perpendicular distance from the line of 
action of the force to the center. Unit—the dyne-centimeter. 

Gravitation.—The universal attraction existing between all 
material bodies. ct 

Acceleration Due to Gravity.—The acceleration of a body 
freely falling in a vacuum. Unit—one centimeter per second 
per second. 

Weight.—The force with which a body is attracted toward 
the center of the earth. The weight of any fixed mass varies 
according to its geographical position. 

Unit of Weight.—The dyne. 

Moment of Inertia.—A measure of the effectiveness of mass 
in rotation. In the rotation of a rigid body not only the body’s 
mass, but the distribution of the mass about the axis of rotation 
determines the change in the angular velocity resulting from 
the action of a given torque for a given time. Moment of 
inertia in rotation is analogous to mass (inertia) in simple trans- 
lation. The unit is g. cm.? 

Period in uniform circular motion is the time of one com- 
plete revolution. 

Centripetal Force.—The force required to keep a moving mass 
in a circular path, Centrifugal force is the name given to the 
outward force of a mass in rotation. 

Simple Harmonic Motion.—lIf a point move uniformly in a 
circle, the motion of its projection on the diameter (or any 
straight line in the same plane) is simple harmonic motion. 

Displacement at any instant. The distance of a vibrating 
or oscillating particle from its .position of equilibrium or the 
center of the circle of reference. 

Amplitude. — The maximum value of the displacement. 
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Phase.—The fraction of a whole period which has elapsed 

since the moving particle last passed through its middle position 
in a positive direction. 
_ Work.—When a force acts against resistance to produce 
motion in a body the force is said to do work, Work is meas- 
ured by the product of the force acting and the distance moved 
through against the resistance. 

Units of Work.—The erg, a force of one dyne acting through 
one centimeter. The joule is 107 ergs. 

Power.—The time rate at which work is done. 

Units of Power.—The watt, one joule (one million ergs) per 
second; the kilowatt-is equal to 1000 watts; the horse-power, 
33,000 foot-pounds per minute, is equal to 746 watts. 

Energy.—The capability of doing work. Units of energy 
the same as of work. 

Potential Energy.—Inergy due to position of one body with 
respect to another or to the relative parts of the same body. 

' Kinetic Energy.—Energy due to motion. 

Simple Machine.—A contrivance for the transfer of energy 
and for increased convenience in the performance of work. 

Mechanical advantage of a machine is the ratio of the distance 
through which force is applied to the distance through which 
resistance is overcome, also called the velocity ratio. 

Efficiency is the ratio-of the work done by a machine to the 
work done upon it. 

Elasticity.—The property by virtue of which a body recovers 
from deformation produced by force. 

Stress.—The force producing or tending to produce deforma- 
tion in the body measured by the force applied per unit area. 
Unit—one dyne per square centimeter. 

Strain.—The deformation resulting from a stress measured 
by the ratio of the change to the total value of the dimension in 
which the change occurred. 

Modulus of Elasticity.—The stress required to produce unit 
strain, which may be a change of length (Young’s modulus); 
— or shear (modulus of rigidity) or of volume (bulk. mod- 
ulus 

Limit of Elasticity.—The smallest value of the stress pro- 
ducing permanent alteration. 

Coefficient of Restitution of two bodies on impact, the ratio 
of the difference in velocity before impact to the difference 
after impact. 

Viscosity.—All liquids possess a definite resistance to change 
of form and many solids-show a gradual yielding to forces tend- 
ing to change their form. This property is called viscosity. 

Pressure.—Force applied to, or distributed, over a surface; 
measured as force per unit area. Unit—the barye, one dyne 
per square centimeter. The mega-barye is equal to 10% dynes 
per square centimeter. Pressure is also measured by the height 
of the column of mercury or water which it supports. 

Surface Tension.—The tension exhibited by the free surface 
of liquids measured in dynes per centimeter. 
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Heat 


Temperature.—The condition of a body which determines 
the transfer of heat to or from other bodies. The unit of tem- 
perature is the Centigrade degree, 1/100 the difference in tem- 
perature between that of melting ice and boiling water at 76 
centimeters pressure. The degree Fahrenheit is 1/180 and the 
degree Reaumur is 1/80 the above-mentioned difference of 
temperature. 

Heat Quantity is measured by the change of temperature 
produced. The unit of heat is the calorie, the quantity of heat 
necessary to change the temperature of one gram of water from 
3.5° C. to 4.5° C. (called a small calorie). If the temperature 
changed involved is from 14.5 to 15.5° C. the unit is the normal 
calorie. The mean calorie is 1/100 the quantity of heat necessary 
to raise one gram of water from 0° C. to 100°C. The large 
calorie is equal to 1000 small calories. The British thermal unit 
is the heat required to raise the temperature of one pound of 
water at its maximum density, 1° F. It is equal to 252 calories. 

Coefficient of Thermal Expansion.—The coefficient of linear 
expansion is the ratio of the change in length per degree to the 
length at 0° C. The coefficient of surface expansion is two - 
times the linear coefficient. The coefficient of volume expan- 
sion (for solids) is three times the linear coefficient. The co- 
efficient of volume expansion for liquids is the ratio of the change 
in volume per degree to the volume at 0° C. The value of the 
coefficient varies with temperature. The coefficient of volume 
expansion for a gas under constant pressure is nearly the same 
for all gases and temperatures and is equal to 0.00367 for 1° C, 

Absolute Zero.—The temperature at which a gas would show 
no pressure if the general law for gases should hold for all tem- 
peratures. Itisequal to —273° C. or —459.4° F. 

Specific Heat.—The quantity of heat necessary to cause a 
unit change of temperature in unit mass measured in C. G.S. 
units as calories per gram per degree centigrade. 

Thermal Capacity or Water Equivalent.—The total quantity 
of heat necessary to raise any body or system unit temperature, 
measured as calories per degree centigrade in the C. G. S. system. 

Heat Equivalent, or Latent Heat, of Fusion.—The quantity 
of heat necessary to change one gram of solid to a liquid with 
no temperature change. 

Latent Heat of Vaporization.—The quantity of heat necessary 
to change one gram of liquid to vapor without change of tem- 
perature. Both the above quantities are measured as calories 
per gram. 

Thermal Conductivity.x—Time rate of ‘transfer of heat by 
conduction, through unit thickness, across unit area for unit 
difference of temperature. It is measured as calories per 
second per square centimeter for a thickness of one centimeter 
and a difference of temperature of 1° C. 

Mechanical Equivalent of Heat is the quantity of energy 
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which, when transformed into heat, is equivalent to unit quan- 
tity of heat, 4.18107 ergs = 1 calorie (20° C.). 

Isothermal.—When a gas passes through a series of pressure 
and volume variations without change of temperature the 
changes are called iosthermal. A line on a pressure-volume 
diagram representing these changes is called an isothermal line. 

Adiabatic.—A body is said to undergo an adiabatic change 
when its condition is altered without gain or loss of heat. The 
line on the pressure-volume diagram representing the above 
change is called an adibatic line. 
_ Entropy.—A quantity depending on the quantity of heat 
in a body and on its temperature, which, when multiplied by 
any lower temperature (minimum available), gives the unavail- 
able energy or unavoidable waste when mechanical work is 
derived from the heat energy of the body. 

Absolute Humidity.—Mass of water vapor present in the 
atmosphere measured as grams per cubic meter. 

Relative Humidity. —The ratio of the quantity of water vapor 
present in the atmosphere to the quantity which would saturate 
at the existing temperature. 


Wave Motion and Sound 


Wave Motion.—A progressive disturbance propagated in a 
medium by the periodic vibration of the particles of the medium. 
Transverse wave motion is that in which the vibration of the 
particles.is perpendicular to the direction of propagation. Longi- 
tudinal wave motion is that in which the vibration of the parti- 
cles is parallel to the direction of propagation. 

Pitch of sound is determined by the frequency or number 
of vibrations per second. 

Intensity or loudness of a sound increases or diminishes with 
the amplitude of the vibrating air particles at the ear. 

Quality or timbre of a sound depends on the ‘coexistence 
with the fundamental of other vibrations of various frequenciés 
and amplitudes. 

Lissajou’s Figures.—The path described by a particle which 
is simultaneously displaced by two simple harmonic motions 
at right angles, when the periods of the two motions are in the 
ratio of two small whole numbers, shows a variety of character- 
istic curves called Lissajou’s figures. 

Beats.—Two tones of slightly different frequencies sounded 
together interfere to give a sound of regularly varying intensity. 
The number of beats per second is the difference in frequency 
of the two tones. 


Static Electricity 


Unit Quantity of electricity or charge is the quantity which, 
when concentrated at a point and placed at unit distance from 
an equal and similarly concentrated quantity, is repelled with 
unit force. If the distance is one centimeter and the force 
of repulsion one dyne and the surrounding medium a vacuum, 
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we have the electrostatic unit of quantity. The coulomb= 
310° electrostatic units. 

Line of Force.—A line such that its direction at every point 
is the same as the direction of the force which would act on a 
small positive charge placed at that point. A line of force is 
supposed to start from a positive charge and end on a negative 
charge. 

Conductors.—A class of bodies which are incapable of support- 
ing electric strain. A charge given to a conductor spreads to 
all parts of the body. 

Dielectrics or Insulators or Non-Conductors.—A class of 
‘bodies supporting an electric strain. A charge on one part 
of a non-conductor is not communicated to any other part. 

Electric Surface Density.—Quantity of electricity per unit area. 

Intensity of Electric Field is measured by the force exerted 
on unit charge. Unit field intensity is the field which exerts 
the force of one dyne on unit positive charge. 

Electric Potential at any point is measured by the work 
necessary to bring unit positive charge from an infinite distance. 
Difference of potential between two points is measured by the 
work necessary to carry unit positive charge from one to the 
other. If the work involved is one C. G.S. unit of work we - 

’ have the electrostatic unit of potential. 

Electromotive Force.—The same as difference of potential, 
a term commonly used in current electricity. The volt is the 
electromotive force which performs work at the rate of one 
joule per second (one watt) in producing a current of one ampere. 
A watt hour is the work equivalent to a current. of one ampere 
at a pressure of one volt flowing for one hour. A kilowatt hour 
equals 1000 watt hours. A volt equals 108 electrostatic units 
of potential. 

Capacity ismeasured by the charge which must be communi- 
cated to a body to raise its potential one unit. Electrostatic 
unit capacity is that which requires one electrostatic unit 
of charge to raise its potential one electrostatic unit. The 
farad=9 10"! electrostatic units. 

Specific Inductive Capacity.—The ratio of the capacity of a 
condensor with a given substance as dielectric to the capacity 
of the same condensor with air or a vacuum as dielectric is called 
the specific inductive capacity. 


Magnetism 


Unit Magnetic Pole or Quantity of Magnetism.—Two unit 
quantities of magnetism concentrated at points unit distance 
apart in a vacuum repel each other with unit force. If the dis- 
tance involved is one centimeter and the force one dyne the 
quantity of magnetism at each point is one C. G. 8. unit of 
magnetism. 

Surface Density of Magnetism. —Quantity of magnetism 
per unit area. 

Magnetic Line of Force is a line which at every point has the 
- direction of the magnetic force at that point. 
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Magnetic Field Intensity is measured by the force acting 
on unit magnetic pole. The unit of magnetic field intensity, 
the gauss, is that field which exerts a force of one dyne on unit 
magnetic pole. ' 

Magnetic Moment of a magnet is given by the product of 
the quantity of magnetism in each pole by the distance between 
the poles. 

Intensity of Magnetization is given by the quotient of magnetic 
moment of a magnet by its volume or it is magnetic moment 
per unit volume, 

Declination.—The angle between the vertical plane contain- 
ing the direction of the earth’s field at any point and a plane 
containing the geographic north and south meridian. 

Dip.—The angle measured in a vertical plane between the 
direction of the earth’s magnetic field and the horizontal. 

Paramagnetic bodies are those which tend to set the longest 
dimension parallel to the magnetic field, e.g., iron, cobalt, nickel. 

Diamagnetic bodies tend to set the longest dimension across 
the magnetic field, e.g., bismuth. 

Hysteresis. —The magnetization of a sample of iron or steel 
due to a magnetic field which is made to vary through a cycle 
of values, lags behind the field. This phenomenon is called 
hysteresis. 


Current Electricity 


Electric Current.—The rate of transfer of electricity. The 
transfer at the rate of one electrostatic unit of electricity in one 
second is the electrostatic unit of current. The electromagnetic 
unit of current is a current of such strength that one centimeter 
of the wire in which it flows is pushed sideways with a force 
of one dyne when the wire is at right angles to a magnetic field 
of unit intensity. The practical unit of current is the ampere, 
a transfer of one coulomb per second. 

Conductivity.—A property of electric conductors depending 
on their dimensions, material and temperature which deter- 
mines the current produced by a given electromotive force. 
The practical unit of conductivity is the mho, the reciprocal of 
the ohm. 

Resistance.—The reciprocal of conductivity. The unit’ of 
resistance, the legal ohm is defined as the resistance to an 
unvarying current of a column of mercury at 0° C., 14.4521 
grams in mass, of a constant cross-section, and 106.3 centi- 
meters long. The cross-section is nearly one square millimeter. 

Specific Resistance.—The resistance at 0° C. of a portion of 
substance of unit length and cross-section. 

Temperature Resistance Coefficient.—The ratio of the change 
of resistance in a wire due to a change of temperature of 1° C. 
to its resistance at 0° C, 

Induction.—Any change in the intensity or direction of a 
magnetic field causes an electromotive force in any conductor 
in the field. The induced electromotive force generates an 
induced current if the conductor forms a closed circuit. 


261 — 


i) 


HANDBOOK OF CHEMISTRY AND PHYSICS 


Self-Induction.—The change in magnetic field due to the 
variation of a current in a conducting circuit causes an induced 
electromotive force in the circuit itself. This phenomenon is 
known as self-induction. It is measured as electromotive force 
produced in a conductor by unit rate of variation of the current 
through it. Units of self-induction are the centimeter (electro 
static) and the henry, which is equal to 10° centimeters of in- 
ductance. :: 

Mutual Induction.—A change of current in a conductor is 
accompanied by a change of magnetic field which induces an 
electromotive force in a neighboring circuit. The mutual 
induction is measured by the electromotive force induced in 
one circuit by unit rate of variation of current in the other. 
Units, as of self-induction. 


Light 


Index of Refraction for any substance is the ratio of the 
velocity of light in a vacuum to its velocity in the substance. 
It is also the ratio of the sine of the angle of incidence to the 
sine of the angle of refraction. In general, the index of re- 
fraction for any substance varies with the wave length of the 
refracted light. 

Minimum Deviation.—The deviation or change of direction 
of light passing through a prism is a minimum when the angle 
of incidence is equal to the angle of emergence. 

Principal Focus of a lens or spherical mirror is the point of 
convergence of light coming from a source at an infinite distance. 

Conjugate Foci.—Under proper conditions light divergent 
from a point on or near the axis of a lens or spherical mirror is 
focused at another point. The point of convergence and the 
position of the source are conjugate foci. 

Spherical Aberration.—When large surfaces of spherical 
mirrors or lenses are used the light divergent from a point 
source cannot be exactly focused at a point. The phenomenon is 
known as spherical aberration. 

Chromatic Aberration.—Due to the difference in the index 
of refraction for different wave lengths, light of various wave 
lengths from the same source cannot be focused in a point by 
a simple lens. This is called chromatic aberration. 

Achromatic.— A term applied to lenses signifying their more 
or less complete correction for chromatic aberration. 

Magnifying Power of an optical instrument is the ratio of 
the angle subtended by the image of the object seen through 
the instrument to the angle subtended by the object when seen 
by the unaided eye at a distance of 25 cms. (10 ins.) | 

Resolving Power of a telescope or microscope is indicated 
by the minimum separation of two objects for which they appear 
distinct and separate when viewed through the instrument. 

_ Angular Aperture of an objective is the largest’ angular extent 
of wave surface which it can transmit. ‘as 

Numerical Aperture is the sine of half the angular aperture, 
used as a measure of the optical power of the objective. 
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Dispersion.—The difference between the index of refraction 
of any substance for any two wave lengths is a measure of the 
dispersion for these wave lengths, called the coefficient of dis- 
-persion. 

Diffraction.—If the light source were a point the shadow of 
any object would have its maximum sharpness; a certain amount, 
of illumination, however, would be found within the geometrical 
er due to the diffraction of the light at the edge of the 
object. 

Polarized Light.—Light which exhibits different properties 
in different directions at right angles to the line of propagation 
is said to be polarized. Specific rotation is the power of liquids 
to rotate the plane of polarization. It is stated in terms of 
specific rotation or the rotation in degrees per decimeter per 
unit density. 


PHYSICAL FORMULA 


Mechanics 


Composition of Vectors.—If the angle between two vectors is 
A, and their magnitudes a and 5), their sum, 


c=Va2+b2+2ahb cos A. 


Velocity.—If s is space passed over in time t, the velocity, 
jie 
so 


} Uniformly Accelerated Motion.—If 1 is the initial velocity, 
v; the velocity after time t, the acceleration, 
_ U4 —V0 
, &, t : 
The velocity after time f, 
Vt =Vo-+at. 
Space passed over in time (, 
s=vot+3atl?. 
Velocity after passing over space s, 
Us V 002 +2as. 
Space over in the nth second, 
s=v9tsa(2n — ae 


Falling Bodies.—Symbols as for uniformly accelerated motion 
except that vp=0 and g is the acceleration due to gravity. 
The above formule become, 


v= gl, s=jgl?, vs = V 298. 
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Bodies Projected Vertically Upward.—If v-is the velocity of 
projection, the time to reach greatest height, 


Greatest height, 


Projectiles.—For bodies projected with velocity » at an angle 
a with the horizontal, the time to highest point of flight, 


rae. sin a 
Total time of flight, 
2v sin 
Dre 
g 


Maximum height, 
as v? sin? @ 
: wee Se 
Horizontal range, 
R _v* sin 2a 
g 


Angular Velocity.—If the angle described in time ¢ is 6, the 
angular velocity, 


a Fe 


Angular Acceleration.—If the initial angular velocity is wo, 
and the velocity after time / is =o, the angular acceleration, 


a _ Ot = 
The angular velocity after time ¢, 
t= Wo +A. 
The angle swept out in time ¢, 
6 =wol +LAR. 
The angular velocity after movement through the are @, 
O= V wo? +2A0, 


Momentum.—A mass m moving with velocity v has a 
momentum 
M =m. 


Angular momentum of a mass whose moment of inertia 
is J, rotating with angular velocity o, is 
Iw. 
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Force.—For a .aass m and an acceleration a, 
, F=ma. 


Moment of Force or Torque.—If a force F acts to produce 
rotation about a center at a distance d from the line in which 
the force acts, the force has a torque, 


T =Fd. 


Gravitation. —The force of attraction between two masses, 
m and m’, separated by a distance r, k being the constant of 
gravitation, . 


mm 
F = kT 


(If m amd m’ are given in grams, and r in centimeters, F 
will be in dynes if k =6.658 X 10-8.) 
Weight of mass m, where g is the acceleration due to gravity, 
W=mg. 


Acceleration Due to Gravity at any Latitude and Elevation. 
If ¢ is the latitude and H the elevation in centimeters the 
acceleration in C. G. 58. units is, 

g =980.616 —2.5928 cos 2¢6+0.0069 cos? 2¢ —3.086 X10- 5H. 
(Helmert’s equation.) 

Uniform Circular Motion.—If r is the radius of a ‘ein s the 


linear speed in the arc, w the angular velocity and T the period 
or time of one revolution, the angular velocity is, 


s 2r 
= 


eae a 
The acceleration toward the center is 


s? 5 An 


C= = Oe = : 
7 Vig 
The centrifugal force for a mass m, . 
ms? >, aamr 
r= =mw'r =—— 


‘Application to the Solar System.—If M is the mass of the sun, 
G the constant of gravitation, P the period of the planet and 
r the distance of the planet from the sun, then the mass of 
the sun 


2. 
=—— (G4 =6.657 for C. G.S. units.) 


If P is the period and r the distance of a satellite revolving 
around the planet, the above expression for M gives the mass 
of the planet. The formula is written on the assumption 
that the orbit of the planet or satellite is circular, which is 
only approximately true. 
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Simple Harmonic Motion.—If r is the radius of the reference 
circle, w the angular velocity of the point in the circle, @ the 
angular displacement at- the time / after the particle passes 
the mid-point of its path, the linear displacement, 


- g=rsin 0=r sin ul. 
The velocity at the same instant, 


v=rw COS 0=w0V 1? — 22. 
The acceleration, 


= — we, 
The force for a mass m, 
f= ae 4n?mx 
Lk 
The period mM, 
1h = ony). 
2 : 


The Pendulum.—For a simple pendulum of length J, for a 
small amplitude, the period, 


T =2r Le or g =4r’-.. 
g 
For a sphere suspended by a wire of negligible mass where 
d is the distance from the knife edge to the center of the sphere 
whose radius is 7, the length of the equivalent simple pendulum, 
9/2 

l=d+—7. 
If the period is P for an arc 6, the time of vibration in an ~ 
infinitely small are is approximately, 


P 


T= rs 
1+2 sin? 


Foucault’s Pendulum.—The rate of rotation in degrees per 
hour of a line on the surface of the earth relative to the plane 
of a Foucault’s pendulum at latitude ¢ is, 


w=15sin ¢. 
Work.—If a force F act through a space s, the work done is 
, W=fs. 


Power.—If an amount of work W is done in time ¢ the power 
or rate of doing work 1s, 
Fee ONLE oi § 
t t 
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Energy.—The potential energy of a mass m, raised through 
a distance h, where g is the acceleration due to gravity, is 


PE=mgh. 
The kinetic energy of mass m, moving with a velocity », is 
KE=3mv?. 


Simple Machines.—If a force P applied through a distance 
p results in a force / through a distance f, neglecting friction, 


ORT. 
f 


Mechanical advantage in the case stated above is a 


If the force applied to overcome friction alone is 2, the 
efficiency is, : 
| ames 
f=, 
(P+ 2x)p 
Mass by Weighing on a Balance with Unequal Arms.—If 
W, is the value for one side, W» the value for the other, the 
true mass, 


W= V WiWs2. 


Sensitiveness of a Balance.—If w is the weight of the beam, 
h the distance of the center of gravity below the knife edge, 
a the length of the balance arms and x a small mass added to 
one pan, the deflection @ produced is given by 


tan @= ey. 
wh 


Elastic Coefficients 

Young’s modulus by stretching.—If an elongation s is pro- 
duced by the weight of the mass m, in a wire of length J, and 
radius r, the modulus, 


Young’s modulus by bending, bar supported at both ‘ends. 
If a flexure s is produced by the weight of mass m, added midway 
between the supports separated by a distance J, for a rectangular 
bar with vertical dimensions of cross-section a and horizontal 
dimension b, the modulus is, 


_ mgl3 
~ 4sa3b’ 


For a cylindrical bar of radius r, 
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For a bar supported at one end, In the case of a rectangular 
bar as described above, 
_ A4mgl8 2 
~~ gash * 


For a round bar supported at one end, 


_4mgl' 
Barris’ 


Modulus of Rigidity.—If a couple C(= mga) produces a 
twist of @ radians in a bar of length / and radius’, the modulus is 


2c 
arto 


Coefficient of Restitution.—Two bodies moving in the same 
straight line with velocities 1; and v2 respectively, collide and 
after impact move with velocities v; and m4. The coefficient 
of restitution is 


 SUgEa Ug 
7 02 —v, 

Viscosity. —Flow of liquids through a tube; where I is the 
length of the tube, r its radius, ¢ the difference of pressure at 
the ends, 7 the coefficient of viscosity, the volume escaping 
per second, . 


apr 


28h 


Rate of Fall of a Small Sphere in a Fluid.—Where V is the 
maximum velocity, r the radius of the sphere, Ms; the mass of 
the sphere, 7 the mass of the same volume of liquid, g the 
acceleration due to gravity and 7 the coefficient of viscosity, 


(Poiseuille.) 


Diffusion.—If the concentration (mass of solid per unit 
volume of solution) at one surface of a layer of liquid is d, 
and at the other surface d:, the thickness of the layer h and the 
area under consideration A, then the mass of the substance 
which diffuses through the cross-section A in time ¢ is, 


=x seo), 


h 


where K is the coefficient of diffusion. 
Surface Tension.—The total force along a line of length / 
on the surface of a liquid whose surface tension is T, 


F=IT. 
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Ss Capillary Tubes.—If a liquid of density D rises a height 
h in a tube of internal radius r the surface tension is, 


rhDg 
2 


T= 


Pressure.—The pressure due to a force F distributed over 
an area A, 


Hydrostatic pressure on an area A at a distance h from 
the surface of a liquid of density D is, 


F =PA (total pressure) = AhDg. 


Archimedes’ Principle—A body of volume V immersed in 
a liquid of density D is buoyed up by a force 


F=Dq7. 


Velocity of Efflux of a Liquid.—lIf h is the distance from the 
opening to the free surface of the liquid, the velocity of 
efflux is “Ei 

V =V2gh. 


Diminution of Pressure at the Side of a Moving Stream.— 
If a fluid of density d moves with a velocity v the diminution 
of pressure due to the motion is (neglecting viscosity), 


p =hdg = 3dv?. 


Boyle’s Law.—For a perfect gas, changing from pressure p - 
and volume v to pressure p’ and volume v’ without change of 
temperature, 

pu=p'r’. 

Altitudes with the Barometer.—If b; and b, denote the cor- 
rected barometer readings at two stations, ¢ the mean of the 
temperatures f; and tf of the air at the two stations, e and es, 
the tension of water vapor at the two stations, h the mean height 
above sea level, ¢ the latitude, then the difference in elevation 
in centimeters is 


H =1,843,000(log b: —log bz) (1 +0.00367¢) (1 +0.0026 cos 2¢ 
+0.00002h + 3k), 
3 by * be)’ 
An approximate formula, sufficient for differences not over 
1000 meters is 


where k=3 (3 of =) 


by —be 
by+be 


H =1,600,000- 
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Heat 


Thermal Expansion.—If I) is the length at 0° C., @ the 
the coefficient of linear expansion, the length at t° C. is, 
Lg=1(1 +at). Ny 


General Formula for Thermal Expansion.—The rate of 
thermal expansion varies with the temperature. The general 
equation giving the magnitude m: (length or volume) at a 
temperature t, where mo is the magnitude at 0° C., is 


m=mMmo(1+et+pi+y? .. .) 


where a, B, vy, etc., are empirically determined coefficients. 
Volume expansion. If V represents volume and 8 the coeffi- 
cient of expansion, 


Vi=Vo(1+6t). 
For solids, 8 =3a (approximately). 


Expansion of Gases.—For an original volume Vo at 0° C. 
the volume at ¢° C. (at constant pressure) is 


Vi=V0(1+0.00367t). 
General Law for Gases: . 


t 
Pit = Povo (1 oss . 


Reduction of a Gas Volume to 0°C., 760 mm. Pressure.—If - 
V is the original volume of a gas at temperature ¢ and pressure 
» the volume at 0° C. and 760 mm. pressure will be, : 
7 CG Nae ie 
~ (1+at) 760° . 

If d is the original density the density at 0° C. and 760 mm. 
pressure will be, : : 
60 


do=d(1 tat) srs 


Vo 


a =0.00367 approximately. 


Gas Thermometer.— Where Po, Ps, and Pz represent the total 
pressures with the bulb at 0° C., at the boiling-point of water 
and at the unknown temperature respectively, ts the tem- 
perature of steam and t, the unknown temperature, 


Pz—Po 
Ps—Po 
(approximately). The total pressure.on the gas in the bulb 


is the sum of barometric pressure at the time and that measured 
by the manometer. 


tg =ls 
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Specific Heat.—If a quantity of heat H calories is necessary 
to raise the temperature of ™ grams of a substance from t 
to t° C., the specific heat, 


~ m(te—h)" 


Specific Heat by the Method of Mixtures.—Where a mass 
m, of the substance is heated to a temperature ¢,, then placed 
in a mass of water me. at.a temperature t, contained in a cal- 
orimeter with stirrer (of same material) of mass ms, specific 
heat of the calorimeter c, v the volume of the immersed portion 
of the thermometer, fs the final temperature, the specific heat 


of the substance, 
_ (me +ms3c +0.46v) (¢3 —t) 
m Gi cs ts) 


Black’s Ice Calorimeter.—If a body of mass m and tem- 
perature ¢ melts a mass m’ of ice, its temperature being reduced 
to 0° C., the specific heat of the substance is, 

_ 80.1m’ 
Fa ii nae 


Bunsen’s Ice Calorimeter.—A body of mass m at temperature 
t causes a motion of the mercury column of / centimeters in 
a tube whose volume per unit length isv. The specific heat is 
? _ 884lv 
cape 


‘Conduction of Heat.—If the two opposite faces of a cube 
of a substance are maintained at. temperatures 4; and t, the 
heat conducted across the cube of section a and thickness d 
in a time 7’ will be, 

ga Kea 


K is a constant depending on the Bture of the substance, 
designated as the specific heat conductivity. 


Wave Motion and Sound 


Velocity of a Wave.—The velocity of propagation in terms 
of wave length \ and period 7’ or frequency n is, 


V=n=m 


Velocity of a transverse wave in a stretched cord.. If 7’ is 
the tension of the cord and m the mass per unit length, 


ee 
*m 
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Velocity of Sound.—In terms of elasticity (bulk modulus) 


E and density d, 
E 
yay 


Frequency of Vibrating Strings.—For a string of length J, 
tension 7’, density d, and radius 7, the frequency is, 


pall oe 
~ Qrl Nard’ 
Organ Pipes.—The frequency of vibration in a closed organ 
pipe of length /, where V is the velocity of sound in air, is 


n= (fundamental. ) 
In an open pipe, 


n (approximate.) 


we 
2D] 
Velocity of sound in air at a temperature f, 


V =33,136-+60.7¢ cm. per sec. 


Static Electricity 


Force between Two Charges.—If two charges q and q’ are 
at a distance r in a vacuum, the force between them is, 


= OE 
F ners 


Field Intensity, or force exerted on unit charge at a point 
distant r from a charge g in a vacuum, 


q 


re 


If the dielectric in the above cases 1s not a vacuum the 
dielectric constant AK must be introduced. The formule 
become, 

ae ant 
Pe ee seal ees 


The value of K is frequently considered unity for air. If 
the dielectric constant of a vacuum is considered unity the 
value for air at 0° C. and 760 mm. pressure is 1.000576. 

Potential at a point due to a charge q at a distance r, 
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Capacity in terms of charge and potential. A conductor 
charged with a quantity g to a potential V has a capacity, 


Lee. 
C= 


Capacity of a spherical conductor of radius r, 
2 C=Kr. 


Capacity of two concentric spheres of radii r and r’, 


rr’ 
C sae ea 


Capacity of a parallel plate condenser, the area of whose 
plates is A and the distance between them d, 3 


Magnetism 


Force between Two Magnetic Poles.—If two poles of strength 
‘m and m’ are separated by a distance r in a medium whose 
permeability is « (unity for a vacuum),the force between them is 


ee 
mr?” 
The strength of a magnetic field at a point distant r from 
an isolated pole of strength m is, \ 


™m 


at 


Magnetic Moment.—If the poles are separated by a distance 
which is great compared with the dimensions of the magnet, 
the magnetic moment of a magnet of length / whose poles have 
values of +m and —m is, 


M=mnl. 
Couple acting on a magnet of magnetic moment ml in a 


field of strength H. If the magnet is perpendicular to the 
direction of the field, 


C=Hml=HM. 
If the angle between the magnet and the field is 6, 


C=Hml sin 0. 
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Action of One Magnet on Another.—The turning moment 
experienced by a magnet of pole strength m’ and length 2l’ 
placed at a distance r from another magnet of length 2/ and 
pole strength m, where the center of the first magnet is on the 
axis (extended) of the second and the axis of the first is per- 
pendicular to the axis of the second, 

7y7° , 
gagmni_2MM" 
r r 

If the first magnet is deflected through an angle 6, the expres- 

sion becomes, f 


Period of vibration of a magnet of magnetic moment M 
and moment of inertia J vibrating in a field of strength H, 


ys 
T =29 ME 


Magnetic Induction.—If a substance of permeability yu is 
placed in a magnetic field H the magnetic induction in the 
substance, 

‘B=p0 : 


If J is the magnetic moment for unit volume, 


B=H-+4rl. 
The susceptibility, 


if 
K=F, w=1+4rk. 


Tractive Force of a Magnet.—If a magnet with induction 
B has a pole face of area A the force is, ; 


If B and A are in C. G.S. units, A will be in dynes. 


Current Electricity 


Ohm’s Law.—Current in terms of electromotive force EH 
and resistance R, . 


i=n. 


Rk 


Current in a Simple Circuit.—The current in a circuit including 
an external resistance and a cell of electromotive force £, 
and internal reistance 7, 
art 
Rr 
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For two cells in parallel, 
i, 
R <= 
. 2 
For two cells in series, 
eae 
R+2r 
Resistance of a conductor at 0° C., of length 1, cross-section 
s and specific resistance p, / 


Ro=p—. 


S 


Resistance of a conductor at a temperature ¢ whose resistance 
at 0° C. is Ry and whose temperature resistance coefficient. is a, 


Ri=Ro(1+et). 


Resistance of Conductors in Series and Parallel.—The total 
resistance of any number of resistances joined in series: is the 
’ sum of the separate resistances. The total resistance of con- 
ductors in parallel whose separate resistances are 7, 12, Ts, 

. Tn 1S given by the formula 


F is the total resistance. 
For two terms this becomes, 


Wheatstone’s Bridge.—If the resistances TL.12, Ts ANG Vs 
form the arms of a Wheatstone’s bridge in order as the circuit 
(omitting cell and galvanometer connections) is traced, when 
the bridge is balanced, 

Y is Ro | Tieets 
—=—. or —=—, 
T2 13 Tees 73 


Heat Effect.—The heat in calories developed in a circuit 
by an electric current 7 flowing through a resistance r for 
a time is, 

_ritt _ Bit 
fo 1418. 4.18) 
Electromagnetic Field.—The intensity of the magnetic field 


at the center of a circular conductor of radius r in which a 
current 7 flowing is, 
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If the circular coil has n turns, the magnetic intensity at the 
center is, 
ee arnt 
r 


Tangent Galvanometer.—A tangent galvanometer with n 
turns, of radius 7, in the earth’s field H, has a deflection 0. 


The current flowing is, 
: Hr 


a 57, won é. 
2rn 
If ig =G (the galvanometer constant), 
a 2 tan 6. 


Electrolysis.—If a current 7 flows for a time ¢t and deposits 
a metal whose electrochemical equivalent is ¢, the mass deposited 
is 
m=etl. 


Light | 


Spherical Mirrors.—If R is the radius of curvature, F 
principal focus, and f; and f2 any two conjugate focal distances, 


§ RR! See) SP 


ih FOR 

Lenses.—For a single thin lens whose surfaces have radii 
of curvature 7, and ™, whose principal focus is F, the index 
of the fraction n and conjugate focal distances f; and fo, 


: Be ets hee 
Brat OD Gta) ; 
Radius of Curvature from Spherometer Readings.—If 1 is the 
mean length of the sides of the triangle formed by the points 
of the three legs, d the spherometer reading, the radius of cur- 
vature of the surface is 


Index of Refraction.—If 7 is the angle of incidence, r the 
angle of refraction, v the velocity of light in the first medium, 
v’ the velocity in the second medium, the index of refraction n, 

sini v ; 


n= 7. 
sn) v 


For a prism of angle A where light passes at the angle of 
minimum deviation D, the index of refraction, 
nae 4(A+D) 
sin $A 
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Reflection of Light by a Transparent Medium in Air. (Fresnel’s 
Formul).—If 7 is the angle of incidence, r the angle of refrac- 
tion, m the index of refraction for air (nearly equal to unity), 
Ne index of refraction for a medium, then the ratio of the reflected 
light to the incident light is, 


pa & (t—r) , tan? a= 
~ 2{ sin? (+r) ° tan? +r) |" 


If «=O (normal incidence), and m=1 (approximate for 


alr), 
eit Nz—1 2 
ie (255) $ 
Diffraction Grating.—If s is the. distance between the rulings, 


d the angle of diffraction, then the wave length where the 
angle of incidence is 90° is (for the nth order spectrum), 


ssind 
n 


p= 


If ¢ is the angle of incidence, d the angle of diffraction, s the 
distance between the rulings, n the order of the spectrum, 
the wave length is, 


r =" (sin i-+sin d). 


Specific Rotation.—If there are n grams of active substance 
in v cubic centimeters of solution and the light passes through 
1 centimeters, r° being the observed rotation in degrees, the 
specific rotation (for 1 centimeter), 


[a] =" 


nl 
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LABORATORY ARTS AND RECIPES 
- ACID PROOF WOOD STAIN- 


SoxtuTion No. 1 SoLutTion No. 2 
125 grams of copper sulphate 150 grams of good fresh anilin oil 
125 grams of potassium chlorate 180 grams of concentrated hydrochloric acid 
1000 grams of water 1000 grams of water 


Wood must be free from paint, varnish, grease or chemicals. 
Apply two coats of solution No. 1 boiling hot with a paint brush, 
allowing each coat to dry thoroughly before the next coat is 
applied. Then apply two coats of solution No. 2 in the same 
way. When the wood is completely dried wash off excess chemi- 
cals.with hot soapsuds. Finish with raw linseed oil.~ Polish 
comes from rubbing the oil down well with a cloth or sponge. 
Whenever the tables get dingy again go over them with a coat 
of linseed oil and rub smooth. 


BLUE PRINT PAPER, Formula for Sensitizing 


SoluioneAns Water ss tee aie. ncie ae ee Baa ees 50.'c.c., 8.5 oz. 
Tron and ammonium citrate...... 10. grams, 1.7 oz. 
Solution- Bb. > Waterers ee, ee eee 50. c.c., 8.5 oz. 
Potassium ferricyanide .......... 8. grams, 1.4 oz. 


Filter separately. The solutions, which may be preserved 
separately for some time, are best kept in the dark. For use, 
mix, in a dark room or by an artificial light of low intensity, 
equal quantities of the two solutions. 

Any non-absorbent paper may be sensitized by brushing the 
solution over it rapidly with a soft, wide, flat brush, going over 
the surface twice, the second coat being applied in a direction 
at right angles to the first. An alternative method is to lower 
the paper, beginning at one edge, on to the surface of the solu- 
tion in a tray and allow it to float for afew seconds. Care must be 
taken to exclude air bubbles. After sensitizing by either method, 
the paper should be hung by one edge in a dark room to dry. 


CEMENTS 

Glues of all kinds are useful for wood, leather, paper and 
glass, where the joints are not required to be waterproof. 

For waterproof joints of nearly all substances, including 
metals, shellac may be used. Flakes of solid shellac may be 
used with heat or it may be used as a solution in alcohol. 

Kotinsky cement, Chatterton’s compound and other resinous 
cements are used for similar purposes and in the same way as 
solid shellac. Glass cells made up with compounds of this nature 
may be made impervious to alcohol by painting over the joints 
with a rubber cement made by melting up small pieces of rubber 
tubing and adding carbon disulphide to make a thin syrup. 

For celluloid a cement made by dissolving celluloid shavings 
in acetone is recommended. 

Brass fittings are usually cemented on glass tubing with 
sealing wax. The glass tube should be wound with thread or 
twine to secure a close fit. The glass and the brass fitting 
should be warmed slightly above the melting-point of wax. 
(Thick, or pressed glass should be warmed slowly.) Wax may. 
be applied to both parts and the thread well saturated with the 
melted wax. Enough should be used to insure filling the space . 
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completely. Join the parts while the wax is very soft and clamp 
in position until it is thoroughly cold. 

For optical purposes, cementing glass, etc., Canada balsam 
is universally employed, and makes a permanent and nearly 
invisible joint. . 

CLEANING MERCURY 


Mercury may be cleaned sufficiently for many laboratory 
purposes without distilling. Allow the mercury to fall in a fine 
spray into a quantity of dilute nitric acid, 25 parts of acid to 
75 parts distilled water. After being passed through the acid 
one or more times it should be passed through distilled water 
and dried. Most of the water may be removed with a clean 
filter, and the mercury heated in a porcelain dish to about 
110° C. To produce the spray the stem of a glass funnel may 
be drawn down so as to leave only a small opening for the escape 
of mercury or a glass tube with a capillary point attached to a 
funnel with a tightly fitting rubber tube. 

A three- to four-foot length of one-inch glass tube closed at 
one end and supported in a vertical position may be used to 
contain the acid solution. Ifa small glass tube be fused into 
the Jower closed end of the large tube, and bent so as to stand 
up for a distance a little greater than 1/13.6, the column of acid 
solution in the large tube, a U-tube is formed in which a short 
column of mercury supports the long column of acid solution. 

The end of the small tube should be bent over at the top 
so as to facilitate the delivery of the mercury and a short piece 
of clean rubber tubing with a pinch-cock put on at ‘the start; 
as soon as mercury enough has collected in the bottom of the 
tube the pinch-cock may be opened. The mercury will rise 
nearly or quite to the top of the small tube, and as the quantity 
increases will be delivered from the small tube as fast as it falls 
in the spray. 

The reversed end of the small tube should be short to avoid 
forming a siphon, which would completely empty the apparatus. 

An efficient procedure, especially if the mercury is greasy, 
consists in spraying the mercury by means of the above appa- 
ratus, first, through a dilute solution (10%) of potassium hy- 
droxide, then through dilute nitric acid (10-15%) and finally 
through distilled water. 


CLEANING OPTICAL SURFACES FOR SILVERING 
(From Miller's Laboratory Physics, Ginn & Co., publishers, by permission.) 

Probably the most important part of the silvering process is 
the proper cleaning of the surface to be silvered. 

The surface is thoroughly cleaned.of grease or other organic 
matter by the usual methods, using alcohol or chromic acid. 
Then it should be carefully cleaned with strong nitric acid, 
the whole surface being firmly rubbed with pure cotton tied to 
a rod of wood or glass. Care should be taken not to injure the 
surface. Rinse with water, and then wash the surface thor- 
oughly with a strong solution of caustic potash, rubbing with a 
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cotton brush as before. Finally, rinse with distilled water, 
and keep the surface wet until it is placed in the silvering solu- 
tion. If the distilled water wets the whole surface uniformly 
the cleaning may be sufficient; if it does not wet uniformly, the 
_ operations must be repeated. The fingers should not touch 
the edges of the glass during the latter cleaning operations, 
as a layer of organic matter is apt to spread over the surface 
and render the silvering uneven. 

Dr. Brashear recommends that the surface, after the stings Es 
described above, be rubbed with prepared ‘chalk on a cotton 
. wad until it is thoroughly dry and clean. It may then be put 
into the silvering solution at one’s convenience. 


COLORED LIQUIDS 


For rendering columns of water easily visible, add a few 
drops of one per cent alcoholic solution of fluorescein to a liter 
of water. The dilute solution of fluorescein is bright green by 
pean of its fluorescence, although colorless by transmitted 
ight 

A small quantity of an aqueous (1%) solution of uranine 
(the sodium salt of fluorescein) may be used in place of the 
alcoholic solution mentioned above. 

If solutions showing color by transmission are desired, dilute 
aqueous may be made with any of the following dyes: 


Dye Color 
Erythrosine Pink 
Eosine Pink (green fin resbenee 
Rhodamine B Pink (red fluorescence) 
‘Ponceau 2R Scarlet 
Naphthol green Green 
Methylene green Bluish green 
Methylene blue Blue 
Methyl violet Purple 

CROSS HAIRS 


The spider lines which serve as an index in reading telescopes 
may be quickly replaced in an emergency by single silk fibers 
(from ordinary sewing silk) attached by soft wax. Single fibers 
may easily be removed from an untwisted strand. 

Spider web should be used in permanent work. The fibers 
of the egg nest of certain species are employed and may be ob- 
tained of most dealers in scientific apparatus. In mounting 
them the following suggestions may be useful: The cross hair 
diaphragm of the telescope should be removed and clamped in 
a horizontal position. A bow of brass wire, about No. 28, 
should be employed to stretch the fiber. A background of black 
velvet makes the fibers more easily visible. With soft wax 
or other convenient adhesive ready on both tips of the bow, 
a fiber of the required length is to be disentangled with tweezers 
and wrapped several times about the ends of the bow under 
tension sufficient to straighten the fiber. The on now con- 

280 


HANDBOOK OF CHEMISTRY AND PHYSICS 


veniently handled by the wire bow, should be cautiously lowered 
onto the diaphragm in the proper position, the wire left hanging. 
_ A small drop of shellac varnish applied at each side will hold 

the fiber in position as soon as it is thoroughly. dry, after which 
the ends of the fiber should be cut away. 


FLUORESCENT SCREENS 


For observations of the ultra-violet spectrum, moisten a small 
quantity of anthracene with water and brush a thin layer over 
a ground-glass surface. On drying most of the anthracene will 
adhere to the glass. The prepared surface should be placed 
so as to receive the radiation directly, glass being comparatively 
opaque to the shorter wave lengths. 


GLASS-GRINDING. FLUID 


DMS eo) 28 Us of teh elas ai ale 45 c¢.em. 
ether (ety! Oxide)... 22.5 ¢.cm. 
MaMpNOr Cuil. . we eee at 31 grams 


To be used with powdered emery for grinding glass. 

For smoothing edges a sheet of emery cloth moistened with 
the above solution may be used. 

Plane surfaces should be ground on thick plate glass. 

For grinding glass stoppers use coarse emery, turn in one 
direction, finish with fine emery. 


LABELS FOR BOTTLES 


Ordinary gummed labels written upon, preferably, with India 
ink, may be protected after being gummed to the bottle by a coat 
of lacquer or varnish. A more complete protection is obtained 
by painting the label, after it is in place, with melted paraffin. 


MIRRORS FOR SPECTROMETER ADJUSTMENT 


A small square of thick plate glass with edges ground smooth 
and silvered on one surface affords a means of accurate adjust- 
ment. 

' To avoid the necessity of frequently resilvering, which arises 
where the mirrors are in constant use, the following course is 
suggested: 

From selected German plate mirror 2 to 3 mm, thick, cut 
two pieces of the same size, say 4X5 cm. Remove the pro- 
tective layer of varnish or paint from both pieces by soaking > 
in alcohol and rubbing with cotton, being careful not to injure 
the silver surface. From one piece remove every trace of varnish 
by repeated rinsing, dry and polish the silver surface thus exposed 
by stroking lightly with a chamois rouge pad. From the other 
piece remove the silver by nitric acid, wash thoroughly in dis- 
tilled water and dry. Cement the clear piece on the silver face 
of the other with Canada balsam. This is accomplished by 
placing two or three drops of Canada balsam in xylol (ob- 
tained in collapsible tubes) on the center of the silver face, and 
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evenly lowering upon it the clear glass. The balsam should 
spread rapidly to the edges of the plates. Minute bubbles of 
air in the balsam film are harmless; if large bubbles are present 
the plates should be slipped apart, cleaned with alcohol and the 
process repeated. 

The balsam will be sufficiently hard in a few days to allow 
_ the excess to be scraped from the edges and the plates bound 
together with lantern slide binding strip. Gentle heat may be 
used to harden the balsam more rapidly. 


POLARITY TEST PAPER 


Dissolve one gram of phenolphthalein in a small quantity 
of alcohol. Add the solution of phenolphthalein to 100 c.cm. 
of a 10 per cent solution of potassium chloride in distilled water. 
Filter paper should be soaked in the solution and dried. A 
strip of paper moistened with water and placed in contact with 
the two terminals will show a bright red stain at the negative 
terminal. 

SILVERING GLASS 


BRASHEAR’S PROCESS 
(From Miller’s Laboratory Physics, Ginn & Co., publishers, by permission.) 
Two solutions are required, one, the reducing solution, should 
be prepared at least a week before it is used, and it may be 
made in large quantity and kept in stock with advantage; the 
other solution is to be prepared when used. 


REDUCING SOLUTION 


Distilled" waters:. foes Bae ee eee 700 c.em. 
Pure sugar (loaf, granulated or rock candy). 80 g. 


When dissolved add 


Alcohelis. nes tio. co eo Se ee ee 175 c.cem 
Strong nitric acid (sp. gr. 1.42)...:..0..... 3 ¢.cm, 
Add water to:make.o 2. (4232 ee 1000 c.cm. 


For silvering, the mirror may rest face up on the bottom of 
a suitable dish; it may stand on edge, or be supported in any 
manner, face downward, dipping into the upper part of the 
solution. . In the latter case, the mirror may be fastened with 
wax to a stick laid across the dish, or it may be supported on 
glass feet or on paraffined wood wedges. Dr. Brashear recom- 
mends that the mirror, if round, form the bottom of the silvering 
dish, which is completed by wrapping a strip of paraffined paper 
around the edge of the mirror, this being held in place by rubber 
bands or fastened with several wrappings of cord. 

Having selected a dish and support for the mirror, measure 
with water the quantity of solution that will be required to 
make a layer a centimeter or two thick over the surface to 
be silvered. For each 150 c.cm. of final solution, 1 g. of 
silver nitrate and 0.5 g. of caustic potash (purified by alcohol) 
will be required. Dissolve the silver and potash separately, 
using quantities of water of the proportion of 100 c.cm. to 1 g. 
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of the solid. Ordinary graduates or flasks are the most con- 
venient form of vessel in which to mix the solutions. Into the 
silver nitrate solution pour a few drops of dilute aqua ammonia. 
The solution will turn to a dark brown color; add ammonia 
little by little till the precipitate is nearly but not quite re- 
dissolved. Now add the potash solution, when a precipitate 
will again be formed. This is to be nearly, but not entirely, re- 
dissolved by the addition of more ammonia, a few drops being 
sufficient this time. After the ammonia has been added shake 
or stir the solution well and wait a minute or two to be certain 
that it does not entirely clear. If by chance too much ammonia 
has been used, a little silver nitrate is to be dissolved and added, 
a few drops at a time, till a permanent precipitate is formed. 
This excess of silver must be present, the solution showing a 
decided brown tint. The solution may be filtered, though 
usually this is not necessary. 

A quantity of:reducing solution equal to about a twenty-fifth 
part of the solution just prepared is measured out. The mirror, 
having been properly cleaned and rinsed with distilled water, is 
placed in position. The reducing solution is poured into the 
silver and potash solution, and mixed by a quick shaking of 
the graduate or stirring with a glass rod; the whole is then 
poured into the dish. If the mirror is immersed face down, 
care is necessary to remove air bubbles; the mirror may well be 
immersed after the solution is in, being dipped in at one side 
first. If the mirror is at the bottom of the dish, after cleaning 
it is covered with a thin layer of water, and the prepared solu- 
tions are poured into the dish without further trouble. In 
the latter case the dish must be rocked during the time of de- 
position. 

The solution soon turns to a black color, which in a few minutes 
will turn to a brown; and when it becomes a light gray and the 
precipitate is flocculent, which may be in ten or fifteen minutes, 
the operation is at an end. If the mirror is allowed to remain 
in the solution too long, the surface will have a bleached appear- 
ance, which polishing will hardly remove. Remove the mirror, 
rinse with water, and carefully wipe off the sediment with a 
tuft of absorbent cotton. It is then set on edge to dry; a rins- 
ing with alcohol will facilitate the drying, or all water may be 
safely taken up by pressing clean blotting paper over the surface. 

When dry, the surface may be polished, if necessary, with a 
small pad of chamois leather stuffed with cotton, on which is 
spread a little rouge. Small, circular strokes of the pad, with 
light pressure, will soon bring out the deep luster of the silver. 

A uniform temperature of the bath and the glass, of about 
20° is essential to success. 

Since fulminating silver is liable to be produced by the action 
of ammonia on silver oxide, especially in a warm room, all solu- 
tions should be thrown away as soon as the silvering operation 
is completed. The used solutions may be poured into a large 
jar, in which is thrown some common salt; this causes the silver 
to be precipitated as the chloride, and about 90 per cent of the 
original silver may be recovered. 
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RocHELLE SautTs PROCESS 
(From Miller’s Laboratory Physics, Ginn & Co., publishers, by permission.) 


For depositing the uniform thin film of silver required on the 
half-silvered glass of the interferometer, the following method 
is more suitable than the one described above, as the silver is 
deposited more slowly. If a thick film is desired, two or more 
successive deposits may be made, each of which may require an 
hour’s time. : 

Dissolve 5 g. of silver nitrate in 300 c.cm. of distilled water, 
and add dilute aqua ammonia until the precipitate formed is 
nearly, but not entirely, redissolved in the manner explained in 
the preceding method. Filter the solution and add water to 
make 500 c.cm. 

Dissolve one g. of silver nitrate in a small quantity of water 
and pour into about half a liter of boiling water; dissolve 0.83 g. 
of Rochelle salts in a small quantity of water, and add to the 
boiling solution. Continue the boiling for half an hour, till the 
gray precipitate collects as a powder in the bottom of the flask. 
Filter hot, and add water to make 500 c.cm. 

These solutions may be kept in the dark for a month or two. 

For silvering, equal volumes of the two solutions are mixed, 
and the glass is supported in the mixture in whatever fashion 
is convenient. Various methods are mentioned in the preceding . 
article. The thickest possible deposit may require an hour’s 
time. A second deposit may be made upon the first if necessary 
to secure the desired thickness. The drying and polishing may 
be carried out as described above. 

A half-silvered film will be produced in about a minute; only 
experience can determine when the proper thickness has been 
secured. The glass appears as though it were very lightly 
smoked. A film that reflects a little more than half the light 
incident at 45° is desirable for interferometer use. A simple 
method of testing is to look at two similar gas flames, one seen 
through the film and the other seen reflected by it. It is well 
to silver at once all four surfaces of the two plane-parallel plates 
of the interferometer and to select for use that film which is of 
the proper and most uniform thickness. 


SOAP SOLUTION FOR SOAP FILM EXPERIMENTS 


Pure castile or palm-oil soap. ......... 1 oz. 
Distilled waiter..(- <2 ees oeeee as 8 02. 
Pure glycerine. acl ar adn ty an ete eaees 4 Oo“. 


Cut the soap in thin shavings and dissolve in the water. 
When the solution is complete, add the glycerine and mix very 
thoroughly. On standing the liquid becomes clear at the bot- 
tom. The clear portion may conveniently be removed by a 
siphon and preserved indefinitely. 
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SODIUM LIGHT 


Paper is to be soaked in a saturated solution of common salt, 
borax or other salt of sodium, and dried. When wrapped around 
a Bunsen burner, secured by a twist of wire and pushed up into 
the edge of the flame, a sodium flame of considerable intensity 
is obtained. As the ash of the paper breaks away it must be 
occasionally raised. Lithium chloride may be used in place of 
or with sodium salt to give the lithium line for spectrometric 
measurement. Sheet asbestos (thin) may replace the paper if 
convenient. 


SOLDERS 


Composition by weight. 
Tem- Metals for 


Flux com- 


~ perature | which it is 1 a 
: Cop-| 7; Sil- of fusion, used. monly Hee 
Lead. | Tin oer. Zinc. oa Gold. 
1 1 188° C. | Lead Tallow 
3 5 176 Zinc Zine chloride 
with 25% 
HCl 
2 5 Matas lcciess ah pele FO Copper Zinc chloride 
brass (neutral) or 
resin 
Tron Zine chloride 
or ammo- 
; nium chloride 
2 1 Bie aes ral hats 2 Iron or cop-| Borax 
per 
55 45 ee |S sala OO) Iron, copper} Borax 
or brass 
Boy tO) Or (toe Olm ants 0 | LOOS Iron, copper| Borax ° 
or gold 
OLS. O02 1A [Ole oe. (e083 Iron, copper| Borax 
or gol 
4 Mie eG LOR ae Gold 
STOPCOCK GREASE 
RIG ia St ha a see t t Wiklgice 8 16 parts 
Pre UI FOU DOO ii creek ds Hy rw K os 8 parts 
PRO he ee es. Bose o oe A ees 1 part 


Melt all together. More paraffin may be added if the com- 
pound is not stiff enough. 


UNIVERSAL WAX 


(1) A soft wax useful in the laboratory may be made by 
melting together paraffin, vaseline and paraffin oil in various 
proportions according to the pliability desired. . 

(2) Another authority recommends equal quantities of bees- 

"wax and turpentine (by weight). It is customary to color the 
wax by adding finely-powdered Venetian red. 

(3) Melt together 1 part of Venice turpentine and 5 parts of 

- beeswax, Color with vermilion. 
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PHOTOGRAPHIC FORMULA 
DEVELOPERS FOR PLATES OR FILMS 


Pyro 

ALS Pure Water os. Pe: PRATER A SEL Laie tei A wi ig oe} 16 ounces 
Oxalic AGidt tivity eis 7. OS, ae eee cee 12 grains 
PyrogallicsAad 100 re Toe set eee 1 ounce 

BePure Waters oes, Ae eCe ees ee Se eee ee ee 16 ounces 
Dry Sulphitesof: Soda... ches SV ee soe ee ee 2 ounces 

If negatives are too yellow use more. sulphite. 

Ce Pure: Water... ors oe aap eed Ce ne 16 ounces 
Dry Carbonste ‘of Soda-...... 5 nee eee eee 1 ounce 
Mix for immediate use 

ASR UE Sr otds Sede “at inte ey EG eclecs Paz ake a 1 ounce 

| oh gens ok ee ee eh teenies: ar ery ee 8 “Jf lente eee ee 1 ounce 

(Cl ts aes Sci Wek aka hatha a ee 1 ounce 

Water (65° 40 70° Bjci ei cy mec Ce bolt eee 10 ounces 

Factor 12 
MrtToit-HyDROCHINON 

ASA Une: W aber, suit Og ESS een ee pie -... 64 ounces 
INVCTO Sa FS Ga SAS... Re ey eS ee 120 grains 
PPyUrOCHINO DE | ect Pee aah eae “rab 120 grains 
Dry Suiphite of Soda ic77u. = is 4 Te ne eee 2 ounces 

Be Pure Waters oie oc 22 Oe ees 16 ounces 
DryiCarbonate: off Sodas Ty ee eee ee eee 2 ounces 

’ Use 

Pe ke Gee © isk oe thee Re ee OO Ee Eee 4 ounces 

BS et ay ts ets eR hg De ee 1 ounce 

Pure Water... . So is sce se hae Oe eee 4 ounces 

Factor 15 


Dissolve in the order given. Metol should always be dissolved 
in water before the Sulphite is added, or before it is mixed with 
Sulphite solution, otherwise it may precipitate. 


DEVELOPERS FOR TRANSPARENCIES 
(Lantern Slides) 


HyYDROCHINON 
Bure.‘ Wateraa ect orsed BRE Bee Le eee 20 ounces 
Hy drochinon cs:..44) 22 dow teas Ae ee ee ee 60 grains 
Dry Sulphite of Sodasy, se ee Sate eee 120 grains 
- Bromide: of Potassilin ay: ste ste ee 6 grains 
Citric=A eid .2t wioieks Mie CO ere eee 6 grains 
Dry Carbonate::of Soda iria ay) ci eee ee 1 ounce 


Use full strength. 
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PHOTOGRAPHIC FORMUL (Continued) 


DEVELOPER 
(For Line Work) 
EpINOL 

MN RAE La vat Ee PO ah ck oc shes ig eae. ew dhe os 30 ounces 
LoCo STILT SET aso. 0 6: a et Go 2 ounces 
AM es ree ec. a OME IETS ye Me ERs Pea es 150 grains 
Prmenevoce Ghar Obacciiml. os eee a ea 100 grains 
MmmGri ite Or POtaseMIM? , Si wic vee Pee bse eee bees 24 ounces 


Use full strength. 


This developer, with contrast plates, produces negatives of 
great intensity and absolute clearness, desirable for copies of 
pencil sketches, pen drawings, line work, etc. 


DEVELOPING FORMULA FOR EXTREME CONTRAST 


HyYDROCHINON 

RM ir re a int ast te ee 32 ounces 
1 CERES TOY 6 AS, 7 ge agi eee ae are eR 13 ounces 
Pre OULOIMLO: (GEV) <5 ccs ob. Sah wesw oe eee we 1 ounce 
DRIER CH 55 ooh BoE OS Wiakisctatss es ots LE IRE Lk 60 minims 

REED SS rac ioe hid aia oad Pn ooo kw ee ... 82 ounces 
Ons CAT DONALE MALY) ss... oats ca stede wrt ow angen 1 ounce’ 
Poraeeium JOarbonates ag ls. nko wl eee a DIAN 3 ounces 
Ob ama ISEOMUIAG ocd cra lc dhea so ban SIRI AN se 120 grains 


Omer OMite (OLY) 0 dane ate Ne ae 3 ounces 
To develop take equal parts A and B. 
FORMULZ FOR TANK DEVELOPMENT 


15-MinutE DEVELOPMENT AT A TEMPERATURE OF FROM 
65°. To 70° FB: orn T8° GC. 


Pyro 
Per erty aU DLGOr (CIN, )s. ts an intekee stein depaceats Ss ....115 grains 
Beiinie © at bonste: (OEY )i5 ih 46 gals wings ees 90 grains 
RCE Rta eras tr fore highs a a it, 2a. oa fines ANGE ree A Gs 45 grains 
eter ae a mae De Andis Ge abe esi tle appro es ATES TAR 48 ounces 


Dissolve immediately before use. Use full strength. 


The following formule are for 20-minute development at 65° 
Fors? C, 


: GLYCIN-STOCK SOLUTION 
Oo SOE ih SIRE ee lend a lees eae ape aaa Se arr 120 grains 


Sulphite of Soda, dried (Anhydrous)................. 360 grains 
Carbonate .of Soda, dried (Anhydrous)..............-360 grains 
GGT aed REN ae Aare Anite tis nia Leeks tee aye TA miele ng 2hd wterings 35 ounces 


To each part of stock solution, add three parts water. 
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PHOTOGRAPHIC FORMUL (Continued) 
Formule for Tank Development (Continued) 


EDINOL-STOCK SOLUTION 


Tediiol = 6 oo sc Oe vn ae A ee ee 145 grains 
Sulphite of Soda, dried (Anhydrous)..... SRA Spit spo Sy 300 grains 
Carbonate of Soda, dried (Anhydrous)............... 300 grains 
WRC ai ge sited we a Bee bee adie at ee 40 ounces 


To each part of stock solution, add three parts water. 


HyYDROCHINON-STOCK SOLUTION 


Hydroepwion sh si. i5 40 bys -sapoescat: wheel ae eee ae 90 grains 
Sodium Sulphite, dried (Anhydrous)................ 400 grains 
Sodium Carbonate, dried (Anhydrous).............%. 390 grains 
WOler get Any cowie acinarsie caer Oe epee eee ee 30 ounces 


To each part of stock solution add three parts water. 


FIXING BATHS FOR PLATES OR FILMS 


Acip Frxing AND HARDENING BaTH 


Ae inter 301 collet) ae stags cokes 128 ounces 
Fuyposulphiteol godat.. cc a1 ee ee 32 ounces 
GBH 2 ee OARS epee Dee oe LCtehs Otc ee eae: 32 ounces 
Dry Sulphite of soda. <x. 2). 3s uous Oieetiatee > eee 3 ounces 
Buinhiiie Acid C..Prv vos ko ces on ene % ounce 
Pewdered. Chrome: Alum... 7... ctjgae wee 2 ounces 


Nore: — Be sure to mix solution B exactly in given propor- 
tions and rotation. 

Always pour B into A while stirring well. If this is not done 
precipitation will take place. : 

During the cold season one half the quantity of Solution B is 
sufficient for full quantity of Solution A. 

This bath remains clear after frequent use, does not discolor 
the negatives and hardens the film to such a degree that the nega- 
tives can be washed in warm water and dried by artificial heat 
if necessary. They should be left in the bath ten to twenty min-- 
utes after the bromide of silver appears to have been dissolved, 
to insure permanency, freedom from stain and perfect hardening. 

If the bath becomes exhausted by continued use, replace it 
by a new one. 

It is not advisable to use this bath, which contains sulphuric 
acid, in metal developing tanks. 


PLAIN FIXING BATH 


Water oe ou oS .5 a8 Suk eo Pe ee 32 ounces | 
Hyposulpitite of soda... ose eer 8 ounces 

Do not use the bath when it is discolored; it must be made 
fresh each day. re 
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PHOTOGRAPHIC FORMUL (Continued) 


INTENSIFICATION 


Prepare the following solution, which will keep and work well 
until exhausted. 


No. 1. 16 ounces of Water. 
120 grains of Bichloride of Mercury. 
120 grains of Bromide of Potassium. 
No. 2. Number 2 should be mixed fresh. 
8 ounces of Water. 
1 ounce of Dry Sulphite of Soda. 


After the negative is well fixed and washed, immerse in No. 1 
until it has become thoroughly whitened, and after rinsing care- 
fully place it in No. 2, leaving it there until entirely cleared. In 
case sufficient intensification has not been gained, wash for ten 
minutes, repeat the operation and finally wash well. If after 
intensification the negative is too dense it may be reduced by 
placing it for a few seconds in water 16 ozs., Hypo. 1 oz. 

If the negative has not been thoroughly fixed and washed be- 
fore intensification, stains will ensue. 


REDUCTION 
PSU SEL Ss occ sage eee oe ee, ean 16 ounces 
Hyposulphite of aidan ORR Bie fre cha oe 1 ounce 
Sig VESSEL OETA ies nA Ten ge 16 ounces 
Potassium Ferricyamidess oy ei heed woe ees 1 ounce 


As this solution is affected by light, the bottle} containing it 
should be of amber color or wrapped in opaque paper and kept 
in the dark when not in use. 

Mix for immediate use: — 


Teh, TRS Sie ah So eC ea a a Re 8 ounces 
er TE ne oe eee ae ea 1 ounce 


‘Use in subdued daylight. 

The negative can be placed in this solution directly after fix- 
ing. If a dry negative is to be reduced, it must be soaked in water 
for at least half an hour before applying the solution. To avoid 
streaks, always rinse the negative before holding it up for exami- 
nation. As soon as Sufficiently reduced wash thoroughly. 


IRON CLEARING SOLUTION 


To remove yellow stain caused by Pyro or Hydrochinon 
developer, wash well to free from hypo and place in 


ee ee ed (bd oles Bhgelnc wie @ Mada de 20 ounces 
Brereoe PUlpn ate cue rete ot, 8G) os. SN As dactln Sew ne 3 ounces 
Pr eC PACU Cs Ea ee es. FAs eek ok 1 ounce 
Pe eR CULM itive Seeman le, EMS Ped cae 1 ounce 


until stain is gone, then wash well. 
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PHOTOGRAPHIC FORMULZ (Continued) 
DEVELOPERS FOR GASLIGHT PAPER 
_ Hypro-MeEtTonu 


WabOR coc rac osc ’s he PEELE, in lS pie cote foe ene eae anes 16 ounces 
INT SL OL Fen wet, aii a aac ee eee Seite thee eee 18 grains 
Hydrochinen 23.20 3n. See bao ee eee 18 grains 
Sodnim Sulphite, dry. si0 74 Be. Pe ees ee ae ae 204 grains 
Sodium Carbonate, diry.)/e4 02 fA SR 408 grains 
Bromide of. Potassium 1.277% O75 os ee See 10 grains 


If the whites fail to develop without fog 10% potassium 
bromide solution may be added,-a few drops at a time, until the 
desired results are obtained. 


HyYDROCHINON ; 
Wrilers kl SRR. of ER Ea eas eee 10 ounces 
Sodium: Sulphites diy. ia. ea Se eee eee 67 grains 
Eiydrochinene 3k) oo Oe ee ee ee 34 grains 
Sodium. Carbonate, dry le. ae aia eee ee 510 grains 
Saturated Solution of Potassium Bromide............ 3 drops 


This formula may be substituted for the hydro-metol formula 
given above if it is impossible to obtain metol. 


Frxinc Batu 


CEA pn am et A ROO Te EOS CARAT RTM LR eS CAR SL Coe tar 64 ounces 
5 ig 2 Cr en Maree Road iter Ma Me rages Sk dan onl 5 16 ounces 
Dissolve, then add the following acid hardener: 
Water ik Glee: tals Sime wel ieee ea te ae eae 5 ounces 
Sodium Sulphite (dried powdiy.e-. 0-00. 24k ee % ounce 
Acetic Acid 25 % ic. oon ee ee ee 3 ounces 
Alam (powdered) g)i 556 Sy aches oo «ooo ag ne eae eee 3 ounce. 


This fixing bath is also excellent for dry plates and films, and 
will keep indefinitely before using; therefore it can be made up 
some time in advance. One pint of the bath should fix at least 
fifty 4x5 prints. The acid fixing bath can be used repeatedly. 
It keeps with but little care. It will by degrees become alkaline 
by the gradual addition of developer adhering to the prints. It 
should be discarded entirely when it becomes frothy, and a fresh 
bath prepared. 


DIAPHRAGM NUMBERS 
U.S. 1 equals F/4 
L eeghapities) ts 


et ee eee eae 

A SOs 3 BAG 

BO ita So et pe 

FA ES ABZ 

Ho 1285 SCs AS 

fe 256 1" 64 
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MEASURES AND UNITS 


WEIGHTS AND ME 
U. S. System 


ASURES 


LENGTH 
Inches Feet Yards. 
12 Sa 5 Sachs, te ws 
36 3 1 
198 163 Bi 
ee eats: 5280 1760 


Rods Miles 
1 oo eae 
320) * E 


knot or. nautical mile=1.15 statute miles=1’ of are on the 


surveyor’ s chain =66 feet =100 links (each link =7.92 inches) 


1 fathom =6 feet 
1 furlong =40 rods =660 feet 
1 
ie earth’s surface at the equator 
1 
1 engineer's chain = 100 feet = 100 links 
1 mil=.001 inch 
AREA 
Square Square Square 
. inches. feet yards 
144 i Gaeta a race 4 
1296 9 1 
Bie Sone ws, 272+ 301 
“ee 43560 4840 


1 square mile =640 acres 
1 acre =10 square chains (surveyor’s) 
1 sq. mil = .000001 sq.in. 


Square Acres 
rods 
Naas Oe ee 
I 


1 circular mil = .000000785 sq.in. (area of a circle whose diameter 


is one mil) 


VOLUME 

1728 cubic inches =1 cubic foot 
27 cubic feet =1 cubic yard 
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WEIGHTS AND MEASURES (Continued) 
U. S. System (Continued) 

Liquin MEASURE 


Gills. Pints. Quarts. Gallons. Cubic inches. 
4 TS Shep ae, Sole eee 28.38 
8 z py ees pet) ee re Dd 

32 8 4 1 2014 


1 hogshead =63 gallons 
1 tun =252 gallons 
1 British imperial gallon =277.3 cu.in.=1-.2 U.S. gallons 


APOTHECARIES’ Fiurip MEASURE 


Minims. Fluid drams.-| Fluid ounces. Pints. Gallons. 
60 i eg Paeeer we et ete eo ce a ER 
480 48 Lei hes 8 te 
7680 128 16 dots i eee 
Osa soe oes ee: seer 128 8 i 


Dry MEASURE 


Pints. Quarts. Pecks. Bushels. Cubic inches. 
2 heh. achat ahi | aan ee Ofa2 
16 8 Veoh tc gee ores Dorp 
oa 4 a 2150.4 


1 British imperial bushel = 2218. 2 cu.in.=1.03 U. 8. bushels 
1 cord =128 cu.ft. 


Mass 


Nore.—Three systems are in use—avoirdupois, troy and apothecaries’. 
The grain is the same in all. 


AVOIRDUPOIS—COMMERCIAL 


Grains. Drams. » Ounces. Pounds. Tons. 


27.34 De NE SS tae aoa alge 

437.5 16 | eee ME Sears Pk 

7000. 256 16 Ly... fhe ehebaar ee 
eee TRG lnpre aeRO SMe re oie As Stn 2000 1 


1 long ton =2240 lbs. =20 hundred weight (long) 
i} hundred: weight (short measure) = 100 lbs. 
1 pound avoirdupois = the mass of 27.70 cu.in. of water weighed 
in air at 385.85° F. barometer pressure 30 of mercury 
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WEIGHTS AND MEASURES (Continued) 
U.S. System (Continued) 


Troy WEIGHT 


* 


Grains. | Pennyweight. Ounces. ~° Pounds. 
24 Ne Ca tee thre er a us, Se eee 
480 20 Teas Ss ASN etn 


D0 240 12 1 


1 pound troy = .823 pound avoirdupois 
1 carat =3.2 grains 


APOTHECARIES’ WEIGHT 


The grain, ounce and pound are the same as in troy weight. 


Grains. Scruples. Drams. Ounces. Pounds. 

20 SET SSR Re Akt EA PRS we are Ie Ci SRO 

60 3 eta aid milli Spotl, WR tS eS ages 

480 24 8 je Rp ee rt ate 
5760 288 96 12 Hi 
TIME 
Seconds. Minutes. Hours. Days. Years. 

60 WE be Sareea. Leica ok aoMiaht 
3600 60 1 Be ae STR rene ge bye oe ep 
86400 2040 24 bined ee RE os hp tiie ae AL 

ra oe esse eee. S 365.24 1 (common) 
a Se eee Se eee mache arate re ne ce 365.256 1 (sidereal) 
ANGLE 
Seconds. Minutes. Degrees. Circumference. 
60 e Geapcs 4 RSI Dee Ye Ps ern en oo Kents eda Cc Rg Pie oe 
3600 60 | eR Ea are erene er 
LS A Ee eee ey rene eae 360 1 


1 radian =57.°2958 =206265” 
27 radians=1 circumference. 
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WEIGHTS AND MEASURES (Continued) 


Metric System 


LENGTH 
millimeter = .001 meter 
centimeter = .O1 meter 
decimeter = .l1 = meter 
meter 
dekameter = 10. meters 
hektometer = 100. meters 
kilometer = 1000. meters 
myriameter =10000. meters 
micron = .001 mm. (symbol yz) 
angstrom unit =.0000001 mm. 
micromillimeter = .000001 mm. 

AREA 


square millimeter = .0000001 square meter 


square centimeter = .00001 square meter 
square decimeter = .001 square meter 
centare =] square meter 

are = 100 square meters 
hectare = 10,000 square meters: 


VOLUME AND CAPACITY 


milliliter = .OO1 liter = cubic centimeter 

centiliter = Ol Titer 

deciliter = Mi Reeser ei 

liter = 1 cubicdecimeter, 1000 cubic centimeters . 

dekaliter = 10 liters 

hektoliter = 100 liters 

kiloliter =1000 liters=1 cubic meter = 1,000,000 cu.cm. 
Mass 

milligram = 001 gram 

centigram = OL gram 

decigram = : gram 

gram 

dekagram =10 erams 


hektogram = 100 grams _ 
kilogram =1000— grams 
myriagram = 10000 grams — 
quintol = 100000 grams 

millier or tonneau = 1000000 grams 


cubic centimeter of water at ordinary temperature weighs 
about 1 gram 
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MISCELLANEOUS REDUCTION FACTORS 


a radians=180 degrees 
1 degree =0.017453 radian 
1 radian =57°.2958 =3437’.75 = 206265”. 
1 sidereal second =0.99727 mean solar second 
1 pound per cubic foot = .01602 gram per cubic centimeter 
1 foot per second per second = 30.4796 cm. per second per second 
1 poundal=13825 dynes 
76 cm. of mercury at 0°C. (g. =980) = 1.012630 dynes per 
- sq.em. or 14.697 pounds per sq.in. 
1 foot-pound (g. =980) =13.55 X10® ergs 
1 foot-poundal = 421.390 ergs 
1 horse power (g. = 980) = 745. 2 watts 
1 ae calorie =4.184 107 ergs (mechanical equivalent of heat) 
1 B.T.U.=251.99 calories. 
1 calorie =0.003968 B.T.U. 
1 B.T.U. per pound =0.5556 calorie per gram 
1 calorie per gram =1.800 B.T.U. per pound 
RELATIONS OF ELECTRICAL UNITS 
1 ohm - =10° electromagnetic units =1/9 X10—" electrostatic 
units, 
1 volt =108 electromagnetic units =1/3 X10—2? electrostatic 
units 
1 ampere =10-‘electromagnetic units= 3X10 electrostatic 
units. 
1 coulomb =10-'electromagnetic units= 3X109 electrostatic 
units 
1 farad = 10~electromagnetic units = 9X10" electrostatic . 
units 
1 


farad = 1,000,000 microfarads. 


VALUE OF THE GAS CONSTANT & FOR VARIOUS UNITS 


Units of pressure. Units of volume. |R per gram molecule. 
Atmospheres... .......:.- .|Volume at-0°C.| | 0.003662 
PLEIMOSPNETES. ay c.cm. 82.07 
Atmospheres... v..0..-..: liters 0.08207 
Atmospheres............. cubic meters 
Dynes per sq.cm. (barye). ./¢.cm. 8.3156 X107 
Kilograms per sq.m. (g.= 

SEO een. pes, ety Sos c.cm. 8.48 K 105 
R per lb. molecule. 
Pounds per sq.in......... cu.in. 18510. 
Pours per sq... 2.05.2). cu.ft. TOI 
Atmospheres........-... cu.in. 1260. 
Atmospheres...0..5.....%.. cu.ft. 0.729 
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0000000 


WIRE TABLES 


COMPARISON OF WIRE GAUGES 


DIAMETER OF WIRE IN INCHES 


orauve 


oe eee 


‘a mc 0p 4 


Birmingham 
or Stub’s. 


ag os t : 
cic ae ar ae ee =o 
est ee fe |, 28 
a3 am. | "3 ag, 
e 4 n =) 
Ed CYA MZ hed «Cuan, ede 
.464 .46875 
ty i 432 .4375 
3938 | .400 40625 
3625 | .372 ote 
3310 | .348 34375 
3065 | .324 3125 


2625 | .276 |.219].265625 
. 25 
2253 | .232 |.207] .234375 


.2070 | .212 |.204).21875 
.1920 | .192 |.201}.203125 
.1770 | .176 |.199).1875 
.1620 | .160 |.197|.171875 
.1483 | .144 |.194}.15625 


.1350 | .128 |.191).140625° 
.1205 | .116 |.188}.125 
.1055 | .104 |.185).109375 
.0915 | .092 |.182).09375 
.O800 | .O80 |.180}.078125 


.0720 | .072 |.178).0703125 


| Music wire. 


0083 
0087 
.0095 
.0100 
.0110 
.0120 
.0133 


.O144 
0156 
.0166 
.0178 
.0188 


_ 0202 
:0215 
.0230 
.0243 
.0256 


.0270 
.0284 
.0296 
.0314 
.0326 


.0345 
.0360 
.0377 
.0395 
.0414 


0434 
0460 
0483 
0515 
0550 
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COMPARISON OF WIRE GAUGES (Continued) 


TWIST DRILL AND STEEL WIRE GAUGE 


DIAMETER OF WIRE IN INCHES 


Ba 
Z 28 | GE 
© os 2 
2 sa | ES 
S) jaa) aa) 
20|.01790 | .020 
26].01594 | .018 
27|.01419 | .016 
28| 01264 | .014 
29) .01126 Ole 
30).01003.)° 012 
31/}.008928} .010 
32} .007950} .009 
33} .007080} .008 
34| 006304! .007 
35}.005614} .005 
36] .005000} .004 
371, 004453) toi. 
33] .003965 
39] .003531 
40) .003145 
No.| Size. || No.} Size. || No. 
1 |. 228010111. 1910-21 
2 |.2210]| 12.}.1890}| 22 
3:122180 |} AS Act 8501-23 
4. |.2090]| 14 |.1820)} 24 
5 122055)| 15.1. 1800)),25 
6 |.2040]| 16 |.1770}) 26 
ft M2010 A TEA eol 2a, 
8 |.1990]} 18 |.1695]} 28 
9 |.1960}| 19 |. 1660]} 29 
10 |.1935]} 20 }.1610]} 30 


c¢ | 53/3 
a3 | Zs | 3 
parle cer dest 
Biel aa 3 
Bus pase oben 
.0204 | .020 |.148 
0181 | .018 |.146 
0173 | .0164)-143 
0162 | .0149}.139 
0150 | .0136). 134 
.0140 | .0124].127 
.0132 | .0116).120 
.O128 | .0108).115 
-O118 | .0100).112 
0104 | .0092}.110 
0095 | .0084) .108 
.0090 | .0076). 106 
-... | 0068}. 103 
.0060}. 101 
0052099 
0048) .097 


INCHES 


Size. 

.1590 
.1570 
.1540 
4520 
1495 
.1470 
1440 
.1405 
. 13860 
wh 2R5 


No. 


35 |.1100 


Size. 


- 1200 
.1160 
. 1130 
.1110 


1065 
. 1040 
.1015 
£0995 
.0980 


No. 


.0140625 


.0125 
.0109375 
.01015625 
009375 
.00859375 


.0078125 

3} .00703125 
.066640625 
.00625 


Size. 


0960 


O8 LO 
0785 
.O760]| 


.0730}| 59 
60 


0700 


a a oe 


Music wire. 


0586 
0626 
.0658 
.0720 
.0760 


0800 
0820 
0860 


0900 


.0950 


.| Size. 


.0670 
0635 
0595 
0550 
.0520 
.0465 
.0430 
.0420 


0410 
0400 
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DIMENSIONS OF WIRE 
Srup’s GAauGE 


Giving the diameter and cross-section in English and metric system 
for the Birmingham or Stub’s gauge. 


Diameter Section Diameter Section 
Gauge No. in ins. in sq.ins. in cms. in sq.cms. 
0000 0.454 0.16188 1.1582 1.0444 
000 425 14186 0795 0.9152 
00 380 11341 0.9652 7317 
0 340 09.079 . 8636 5858 
1 0.300 0.07069 0.7620 0.4560 
2 284 06335 7214 4087 
3 259 05269 6579 3399 
4 238 04449 6045 2870 
5 220 03801 5588 2452 
6 0.203 0.03237 0.5156 0.20881 
Ké 180 02545 .4572 16147 
8 165 02138 4191 13795 
9 .148 .01720 .3759 .11099 
1O2 .134 .01410 . 3404 . 09098 
ia 0.120 0.011310 0.3048 0.07297 
12 .109 .009331 . ,2769 .06160 
13 .095 . 007088 . 2413 .04573 
14 083 -005411 .2108 .03491 
15 .072 . 004072 . 1829 .02627 
16 ~ 0.065 0.0033183 0.16510 0.021409 
17 .058 .0026421 314782 » ..017046 
18 ,049 .0018857 . 12446 012166 
19 042 .0013854 . 10668 008938 
20 085 .0009621 . 08890 .006207 
21 0.032 0. 0008042 0.08128 0.005189 
22 .028 .0006158 07112 .003973 
23 .025 . 0004909 .06350 003167 
24 .022 .0003801 .05588 .002452 
25 .020 .0003142 05080 .002027 
26 0.018 0 .0002545 0.04572 0.0016417 
27 .016 0002011 . 04064 .0012972 | 
28 .014 .0001539 03556 . 0009932 
29 .013 .0001327 . 03302 . 0008563 
30 012 0001181 . 03048 . 0007297 
31 0.010 Q.00007854 0.02540 -| 0.0005067 
32 .009 .00006362 02286 0004104 
33 .008 ~ .00005027 02032 .0003243 
34 .007 . 00003848 01778 0002483 
35 .005 .00001963 .01270 .0001267 


36 0.004 0.00001257 0.01016 | 9.0000811 
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DIMENSIONS OF WIRE (Continued) 


BRITISH STANDARD GAUGE 
Giving the diameter and cross-section in English and metric system 
for the British Standard Gauge. 


ta Diameter Section Diameter Section 
‘Gauge No. in ins. in sq.ins. in oms. in sq.cms. 
7-0 0.500 0.1963 1.2700 13267 
6-0 .464. . 1691 1786 091 
5-0 0.432 0.1466 1.0973 0.9456 
4-0 400 1257 "0160 :8107 
3-0 1372 :1087 0.9449 ‘7012 
2-0 348 “0951 28839 6136 
(8) 324 -0825 8230 0319 
1 0.300 | 0.07069 0.7620 0.4560 
2 eto .05983 .7010 . 3858 
3 W202 . 04988 .6401 .3218 
4 APABYA 04227 5893 PATH, 
5 pole 03530 0385 BPA 
6 0.192 0.02895 0.4877 0.18679 
7 16 .02433 4470 . 15696 
8 . 160 .02010 4064 . 12973 
9 . 144 .01629 38658 . 10507 
10 .128 01287 -o2ol - 08302 
Ads 0.116 0.010568 0.2946 0.06818 
12 . 104 .008495 . 2642 05480 
13 .092 . 006648 aZoat - 04289 
14 . 080 .005027 . 2032 .03243 
15 072 004071 - 1829 .02627 
16 0.064} 0.003217 0.16256 0 020755 
a7 . 056 .002463 14224 ° .015890 
18 .048 .001810 .12192 .O11675 
19 .040 001257 . 10160 008 L07 
20 -036 .001018 .09144 - 006567 
21 <| 0.032 00008042 0.08128 0.005189 
22 - 028 0006158 07112 003973 
Zo 024 . 0004524 ee 002922 
24 022 .0003801 05588 .002452 
25 020 . 0003142 “05080 .002027 
26 0.0180 0 0002545 0.04572 0.0016417 
Qi. .0164 .0002112 .04166 .0013628 
28 .0148 .0001728 .03759 0011099 
29 ‘0136 ‘0001453 ‘03454 0009363 
30 0124 .0001208 .03150 .0007791 
31 0.0116 000030568 0.02946 0.0006818 
ae .0108 00009161 02743 -0005910 
ao ‘0100 . 00007854 .02540 .0005067 
34 0092 . 00006648 02337 . 0004289 
35 0084 00005542 02134 .0003575 
36 0.0076 0.00004536 0.01930 0.0002927 
ou 0068 . 00003632 O17 27 . 0002343 
38 . 0060 . 00002827 ; .O1524 . 0001824 
39 .0052 00002124 .01321 .0001370 
40 .0048 .00001810 .01219 .0001167 
41 0.0044 0.00001521 0.01118 0.0000982 
42 .0040 .00001257 .01016 .0000811 
43 0036 .00001018 . 00914 . 0000656 
44 0032 . QO000804 00813 . 0000519 
45 * 0028 .00000616 .00711 . 0000397 
46 0.0024 000000452 0.00610 0.0000212 
47 0020 - 00000314 .00508 . 0000203 
48 .0016 00000201 00406 -0000129 
49 .OO01L2 . 00000113 . 00305 . 0000073 
50 .0010 ° . V0000079 00254 0000051 
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DIMENSIONS OF WIRE, B. & S. GAUGE, 


Diameter and cross-section of wires, v 
of pure hard-drawn copper wire at 32° F. (density 8.90). 


10 


Diam. in 
ins. 


0.4600 


- 4096 
. 3648 
. 3249 


0.2893 


.2576 
. 2294 
. 2043 
.1819 


0.1620 


.1443 
.1285 
.1144 
.1019 


0.09074 


. 08081 
.07196 
. 06408 
.05707 


0.05082 


04526 
.04030 
.03589 
.03196 


0.02846 


.02535 
.02257 
.02010 
.01790 


0.01594 


.01419 
.01264 
O1126* 
.01003 


0.008928 


.007950 
.007080 
. 006304 
.005614 


0.005000 


. 004453 
.003965 
.003531 
.003145 


Cross-section 


in sq.in. 


0.1662 
.1318 
. 1045 
. 0829 


.06573 
.05213 
. 04134 
.03278 
.02600 


. 02062 
-01635 
01297 
.01028 
.00815 


. 006467 
.005129 
. 004067 
.003225 
. 002558 


.002028 
.001609 
.001276 
.001012 
. 000802 


. 0006363 
. 0005046 
.0004001 
. 0003173 
. 0002517 


.0001996 
.0001583 
.0001255 
.0000995 
.0000789 . 


.00006260 
. 00004964 
-00003937 
. 00003122 
00002476 


.00001963 
.00001557 
.00001235 
. 00000979 
. 00000777 


Brown & Sharpe Gauge, 


Pounds per ft. 


.6412 
.5085 
.4033 
.3198 


. 2536 
.2011 
.1595 
. 1265 
. 1003 


.07955 
- 06309 
. 05003 
. 03968 
.03146 


0. 
.01979 
.01569 
.01244 
. 00987 


.007827 
.006207 
004922 
- 003904 
.003096 


002455 
.001947 
001544 
.001224 
.000971 


.0007700 
.0006107 
.0004843 
.0003841 
.0003046 


.0002415 
.0001915 
.0001519 
.0001205 
.0000955 


.00007576 
. 00006008 
.00004765 
.00003778 
.00002996 


02495 


—— eee 
‘ 
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mass 


Feet per lb. 
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MASS AND RESISTANCE FOR COPPER 


Measure 


‘ Electrical resistance of pure hard-drawn copper wire at 32°F. (density 
.90.) 


a 
Gauge Ohms per ft. | Ft. per ohm. | Ohms per lb. Lbs. per ohm. 
0000 0.00004629 21601. 0.00007219) 13852. 
000 .00005837 «iy lest he .00011479 8712. 
00 .00007361 13586. .00018253 5479. 
0 .00009282 10774. : .00029023 3445. 
I 0.0001170 8544. 0.0004615 2166.8 
2 -0001476 6775. .0007338 1362.8 
a .0001861 5878. .0011668 857.0 
4 .0002347 4261. .0018552 539.0 
5 . 0002959 3379. .0029499 339.0 
6 0.0003731 2680. 0.004690 : 213.22 
7 .0004705 2125; .007458 134.08 
8 .0005933 1685. .011859 84.32 
9 .0007482 LBS oe .018857 53.03 
10 . 0009434 1060. 029984 33.35 
1] 0.001190 840.6 0.04768 20.973 
12 .001500 666.6 .07581 13.191 
13 001892 S280 . 12054 . 8.296 
14 .002385 419.2 .19166 5.218 
15 - 003008 Soe ue . 30476 3.231 
16 0.003793 26350 0.4846 2.0636 
17 .004783 209.1 7705 1.2979 
18 |} .006031 165.8 1.2252 0.8162 
19 .007604 oreo 1.9481 -oLap 
20 .009589 104.3 3.0976 3228 
21 0.01209 82.70 4.925 0.20305 
22 .01525 65.59 7.882 . 12768 
23 01923 52.01 12.453 . 08030 
24 02424 41.25 19.801 : .05051 
2) .03057 OLwe ' 31.484 .03176 
26 0.03855 25.94 50.06 0.019976 
yay, .04861 20.57 79.60 .012563 
28 . 06130 16.31 126.57 .CO07901 
29 07729 12.94 201 26° : 004969 
30 09746 : 10.26 320.01 0038125 
31 0.1229 8.137 508.8 0.0019654 
oo . 1550 6.452 809.1 -0012359 
33 . 1954 5 Lig 1286.5 .0007773 
34 . 2464 4.058 2045.6 . 0004889 
35 eS OW, 3.218 252.6 - 0003074 
36 0.3918 2. 552 5172. 0.0001934 
37 4941 2.024 8224. .0001216 
38 . 6230 1.605 |13076. .0000765 
39 7856 1.278 (20792. .0000481 
1.009  /|33060. . 0000303 


40 - 9906 
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DIMENSIONS OF WIRE B. & S. GAUGE, 
Metric 


Diameter, cross-section” of wires, Brown & Sharpe gauge, mass of pure 
hard-drawn copper wire at 0° C. (density 8.90). 


Gauge ; : '| Cross-section Grams per Meters per 
number. Diam. in em. in sq.cm. meter. erates” 
0000 1.1684 1.0722 954.3 0.001648 

000 0405 0.8503 756.8 .001322 

00 -0.9266 . 7643 600.1 . 001666 
0) .8261 . 5348 475.9 .002101 
1 0.7348 0.4241 377.4 0.002649 
2 .6544 . 3363 299.3 . 003341 
3 .5827 . 2667 237.4 . 004213 
4 .5189 .2115 188.2 005312 
5 .4621 ee LOne 149.3 . 006699 
6 0.4115 0.13302 118.39 0.00845 
7 . 3665 . 10549 93.88 - ,01065 
8 . 3264 . 08366 74.45 . 01343 
9 . 2906 . 06634 59.04 .01694 

10 . 2588 .05261 46.82 .02136 

Vai 0.2305 0.04172 37.13 0.02693 

12 . 2053 .03309 29.45 . 03396 

13 . 1828 .02624 PASSE Oot be .04282 

14 . 1628 .02081 18.52 . 05400 

15 . 1450 ‘ .01650 14.69 . 06809 

16 0.12908 - 0.013087 11.648 0.0859 

V7 .11495 _ 010378 9.237 .1083 

18 . 10237 . 008231 7.325 .1365 

19 .09116 006527 5.809 .1721 

20 .08118 .005176 4.607 .2171 

21 0.07229 0.004105 3.653 0.2737 

22 . 06438 . 003255 2.898 . 38450 

23 . 05733 .002582 2.298 .4352 

24 .05106 . 002047 1.822 . 5488 

74 04545 001624 1.445 .6920 

26 0.04049 0.0012876 1.1459 0.873 

27 . 038606 -0010211 .9088 1.100 

28 .08211 . 0008098 . 1207 1,388 

29 .02859 . 0006422 .5715 1.750 

30 .02546 - 0005093 .4532 2.206 

31 0.02268 0,0004039 0.8594 2.782 

32 .02019 . 0008203 . 2850 3.508 

Se .01798 . 0002540 .2261 4.424 

34 .01601 .0002014 .1793 5.578 

35 .01426 0001597 .1422 7.084 

36 0.01270 0.0001267 0.1127 8.87 

37 .01131 .0001005 .0894 11.18 

38 .01007 . 0000797 .0709 14.10 

39 . 00897 .0000632 0562 17.78 


40 — . 00799 . 0006501 0446 22°43 
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MASS AND RESISTANCE FOR COPPER (Continued) 


System 


Electrical resistance of pure hard-drawn copper wire at 0° C. 


8.90). 


Gauge 
pumber. 


0000 


000 
00 
0) 


COOND OhWNe 


Ohms per 


0 


WONNRE 


meter. 


.0001519 
.0001915 
0002415 
. 0003045 


. 0003840 
. 0004842 
.0006106 
. 0007699 
. 0009709 


.001224 
001544 
. 001947 
.002455 
. 003095 


. 003903 
. 004922 
. 006206 
.007826 
. 009868 


.01244 
. 01569 
ONO OT at 
02495 
.03146 


.03967 
. 05002 
. 06308 
. 07954 
. 10030 


. 12647 
. 15948 
.20110 
. 25358 
.31976 


.4032 
. 0084 
.6411 
.§085 
.0194 


. 2855 
.6210 
. 0440 
0775 
.2501 


Meters per 
ohm, 


6584. 
6221. 
4141. 
3284. 


2604. 
2065. 
1638. 
1299. 
1030. 


816. 
647. 
513. 
407. 
323. 


256. 


WOOK DN HE RATOO} 


SC OF KK WWROEIN ONOOS 


Obms per 


gram. 


(density 


a) 


Grams per 
ohm. 


0.0000001592 | 6283000. 
3951000. 
2485000. 
1563000. 


928900. 
6138200. 
388800. 
244500. 
153800. 


96700. 
60820. 
38250. 
24050. 


. 0000002531 
. 0000004024 
. 0000006398 


.000001017 
.000001618 
. 000002572 
- 000004090 
.000006504 


. 00001034 
. 00001644 
-00002615 
.00004157 
.00006610 


.00010511 
.00016712 
- 00026574 
. 00042254 
.00067187 


- 0010683 
- 0016987 
. 0027010 
. 0042948 
. 0068290 


.010859 
017266 
027454 
- 043653 
. 069411 


. 11037 
~17549 
. 27904 
.44369 
. 70550 


.1218 
. 7837 
. 8362 
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CROSS-SECTION AND MASS OF WIRES 
U. S. Measure 


Diameters are given in mils (1 mil=.001 in.), and area in square mils 
(1 sq. mil=.000001 sq.in.). For-.sections and masses for one-tenth the 


diameters given, divide by 100 and for sections and masses for ten times 
the diameter multiply by 100. 


Pounds per foot. 


Diam. in | Crosg-sec. 


mils. in sq. mils, Copper, - Tron, Brass, Aluminum, 
density density density density 
8.90. 7.80. 8.56. 2Gie 
10 78.54 | 0.000303 0.0002656 | 0.0002915 | 0.0000909 
11 95.03 0367 03214 03527 01100 
12 113.10 0436 03825 04197 01309 
13 132803 0512 04488 04926 01536 
14 153.94 0594 05206 05713 01782 
15 176.71 | 0.000682 0.0005976 | 0.0006558 | 0.0002045 
16 201.06 0776 06799 07461 02327 
17. 226.98 0876 07675 08423 02627 
18 254.47 0982 08605 09443 02946 
19 255208 1094 09588 10522 03282 
20 SIA Ga! OL 001212 0.001062 0.001166 0.0003636 
PA 346.36 1336 ite 1285 04009 
22 380.13 1467 1286 1411 04400 
23 415.48 1603 1405 1542 04809 
24 452.39 1746 1530 1679 05237 
25 490.87 | 0.001894 0.001660 0.001822 0.0005682 
26 530.93 2046 1795 1970 06147 
27 Si 2a0 2209 1936 4s) 06628 
28 C1525 2376 2082 2285 07127 
29 660.52 2549 2234 2451 07646 
30 706.86 | 0.002727 0.002390 0.002623 0.0008182 
31 T5400 _ 2912 2502, 2801 08737 
32 804.25 3103 2720 2985 09309 
33 855.30 3300 2892 3174 09900 
34 907.92 3503 3070 3369 10509 
35 962.11 | 0.003712 0.003253 0.003570 0.001114 
36 1017.88 3927 3442 Sle 1178 
37 1075.21 4149 3636 3990 1245 
38 1134.11 4376 3844 4218 1316 
39 1194.59 4609 4040 4433 1383 
40 1256.64 | 0.004849 0.004249 0.004664 0.001455 
41 1320.25 5094 4465 4900 1528 
42 1385.44 5346 4685 5141 1604 
43 1452.20 5603 4911 5389 1681 
44 1520.53 5867 5142 5643 1760 
45 1590.43 | 0.006137 0.005378 0.005902 0.001841 
46 1661.90 6412 5620 6167 1924 
47 1734.94 6694 5867 6438 2008 
48 1809. 56 6982 6119 6715 2095 
49 1885.74 7276 6377 6998 2183 
50 1963.50 | 0.007576 0.006640 0.007287 0.002273 
51 2042.82 7882 6908 7581 2365 
52 DNR ee 8194 7181 7881 2458 
53 2206.18 8512 7460 8187 2554 
54 2290.22 8837 7744 8499 2651 
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CROSS-SECTION AND MASS OF WIRES (Continued) 
U.S. Measure (Continued) 


Diameters are given in mils (1 mil=.001 in.), and area in square mils 
(1 sq. mil =.000001 sq. in.). For sections and masses for one-tenth the 
diameters given, divide by 100 and for sections and masses for ten times 
the diameter multiply by 100. 


Pounds per foot. 


heen in | Cross-sec. 
mils. in sq. mils, Copper, Tron, Brass, Aluminum, 
density density density density 
8.90. 7.80. 8.56; Oe 
55 2375.83 | 0.009167 0.008034 0.008817 0.002750 
56 2463.01 09504 08329 09140 2851 
57 2551. 70 09846 08629 09470 2954. 
58 2642.08 10195 08934 09805 3058 
59 2easior 10549 09245 10146 3165 
60 2827.43 | 0.01091 0.00956 0.01049 0.003273 
61 2922.47 1128 0988 1085 3383 
62 3019.07 1165 1021 1120 3495 
63 SEE 25 1203 1054 1157 3608 
64 3216.99 1241 - 1088 1194 3724 
65 3318.31 | 0.01280 0.01122 0.01231 0.003841 © 
66 3421.19 1320 Ie y gat 1270 3960 
67 352565: 1360 1192 1308 4081 
68 3631.68 1401 1228 1348 4204 
69 3739.28 1443 1264 1388 4328 
70 3848.45 | 0.01485 0 01302 0.01429 0.004456 
71 3959.19 1528 1339 1469 4583 
72 4071.50 1571 1377 1511 é 4713 
73 4185.39 1615 1415 1553 4845 
74 4300. 84 1660 - 1454 1596 4978 
75 4417.86 | 0.01705 0.01494 0.01639 0.005114 
76 4536.46 1751 1534 1684 5251 
77 4656.63 1797 ay ive 1728 5390 
78 4778.36 1844 1616 1773 5531 
79 4901.67 1892 1658 1819 5674 
80 5026.55 | 0.01939 0.01700 0.01865 0.005818 
81 5153.00 1988 1743 1912 5965 
82 5281.02 2038 1786 1960 6113 
83 | 5410.61 2088 1830 2008 6263 
84 5541.77 2138 1874 2057 6415 
85 5674.50 | 0.02189 0.01919 0.02106 0.006568 
86 5808.80 2241 1964 2156 6724 
87 5944.68 | 2294 2010 , 2206 6881 
88 6082.12 2347 2057 2257 7040 
89 6221.14 2400 2104 2309 - 7201 
90 6361.73 | 0.02455 0.02151 0.02360 0.007364 
-91 6503.88 2509 2199 2414 7528 
92 6647.61 2565 2248 2467 7695 
93 6792.91 2621 2297 2521 7863 
94 6939.78 2678 2347 2575 8033 
95 7088.22 | 0.02735 0, 02397 0,02630 0.008205 
96 7238.23 2793 2448 2686 8378 
97 7389.81 2851 2499 2742 8554 . 
98 7542.96 2910 2551 2799 8731 
99 7697.69 2970 2603 ~ 2857 8910 
100 7853.98 | 0.03030 0.02656 0.02915 0.009091 
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CROSS-SECTION AND MASS OF WIRES (Continued) 


oa" Metric Measure 


Diameters are given in thousandths of a centimeter and area of section 
in square thousandths of a centimeter. 1 (om,/1000)2 = ,000001 sq. em. 
For sections and masses for diameters 1/10 or 10 times those of the table, 
divide or multiply by 100. 


oe Grams per meter. 
Cross-section 


Diam. in 
in square 
oe paeaiiaal thousandths | Copper, Tron, Brass, |Aluminum, 
oe Alem, of acm. density density | density | density 
8.90. 7.80. 8.56. 2.67. 
10 _ 78.54 0.06990 0.06126 | 0.06723 0.02097 
11 95.03 .08458 .07412 .08135 .02537 
12 113.10 . 10065 08822 09681 03020 
13 132.73 118138 10353 .11362 03544 
14 153.94 .13701 12008. SES L77 .04110 
15 176.71 OREO Coen Os kode 0.1513 0.04718 
16 201.06 .1789 . 1568 1721 . 05368) 
Fa 226.98 . 2020 ae Ae) 1943 . 06060 
18 254.47 . 2265 1985 2178 .06794 
19 283.53 sa023 9212 . 2427 .07570 
20 314.16 0.2796 0 2450 0, 2689 0.08388 
21 346.36 . 3083 . 3702 2965 09248 
22 380.13 3383 . 2965 3254 10149 
23 415.48 . 3698 3241 3007 . 11093 
24 452.39 -4026 . 3529 38872 12079 
25 490.87 0.4369 0.3829 0.4202 0.1311 
26 530.93. . 4725 4141 4545 .1418 
27 572.56 . 5096 4466 4901 1529 
28 615.75 . 5480 4803 ov . 1644 
29 660.52 9879 9152 0654 1764 
30 706.86 0.6291 0.5514 0.6051 0.1887 
ol 794.07 a Valls . 5887 6461 .2015 
32 804.25 .7158 6273 . 6884 2147 
33 855.30 . 4612 . 6671 yer! . 2284 
84 907 .92 . 8081 . 7082 10072 2424 
35 962.11 0.856 0.7504 0.8236 0.2569 
36 1017.88 .906 . 7939 8713 2718 
AYA 1075.21 .957 . 8387 .9204 2871 
38 1134.11 1.Q12 . 8866 ~ 9730 . 38035 
39 1194.59 .063 .9318 1.0230 .3190 
40 | 1256.64 1.118 0.980 1,076 0233855 
41 1320.25 475 1.0380 .130 .38525 
42 1385 .44 . 233 081 . 186 . 38699 
43 1452.20 292 . 133 . 243 3877 
44 - 1620.53 .353 .186 . 3802 . 4060 
45 1590.43 1.415 1.241 1,361 0.4246 
46 1661.90 479 . 296 .423 4437 
47 1734.94 . 544 rs 133) .485 4632 
48 1809.56 EGEE .411 549 4832 
49 1885.74 .678 -471 614 . 5035 
50 1963.50 1.748 1.532 1.681 5243 
51 2042.82 .818 593 .753 5454 
52 2123.72 .890 .657 .818 . 5670 
53 2206.18 . 964 By Pal! .888 . 5891 
54 2290. 22 2.038 .786 . 960 .6115 
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CROSS-SECTION AND MASS OF WIRES (Continued) 


. Metric Measure (Continued) 


Diameters are given in thousandths of a centimeter and area of section 
in square thousandths of a centimeter. 1 (cm. /1000)2=.000001 sq. cm. 
For sections and masses for diameters 1/10 or 10 times those of the table, 


divide or multiply by wee: E 


3 Grams per meter. 
Diam. ino | oe iaare 
osetia thousandths | Copper, Tron, Brass, |Aluminum, 

meee VER of acm. density density density density 

8.90. 7.80. 8.56. 2.67. 
55 2375.83 2.114 1.853 2.034 0.6343 
56 2463.01 .192 .921 .108 .6576 
57 2551.76 Pt .990 . 184 . 6813 
58 2642.08 pool 2.061 . 262 ee oe 
59 2733.97 .433 nile . 340 . 7300 
60 2827.43 Fe BANG 2.205 2.420 0.7549 
61 2922.47 .601 .280 02 . 7803 
62 3019.07 . 687 app . 584 .8061 
63 Sli 25 174 .431 . 668 . 8323 
64 3216.99 . 863 . 509 ° . 760 . 8589 
65 3318.31 298 2.588 2.840 0.8860 
66 3421.19 3.045 . 669 .929 .9135 
67 3525.65 .138 . 750 3.018 .9413 
68 3631.68 5 . 833 . 109 . 9697 
69 3739.28 .328 COLT. .201 . 9984 
70 3848.45 3.426 3.003 3.295 1.028 
7Al 3959.19 . 524 .088 . 3889 .057 
YP 4071.50 . 624 .176 .485 . 087 
io 4185.39 125 . 265 . 583 na bale 
74 4300.84 . 828 5B . 682 .148 
75 4417.86 3.932 3.446 3.782 1.180 
76 4536.46 4.037 .538 . 883 .211 
TEE 4656.63 .144 SORE, .986 . 243 
78 4778.36 PARE sdf ee 4.090 E2a0 
79 4901.67 . 362 . 823 Sir . 309 
80 5026.55 4.474 3.921 4.303 1.342 
81 5153.00 . 586 4.019 .411 .376 
82 5281.02 . 700 Palak?) mooi .410 
83 5410.61 .815 5220 noo .445 
84 5541.77 .932 no2S . 744 .480 
85 5674.50 5.050 4.426 4.857 13515 
86 5808 . 80 PalkZO ips .972 HOOL 
87 5944.68 . 291 .637 5.089 . 587 
88 6082.12 *413 . 744 . 206 .624 
89 6221.14 .5387 . 852 -3205 . 661 
90 6361.73 5.662 4.962 5.446. 1.699 
91 6503.88 . 788 5.073 . 567 fae 
92 6647.61 .916 . 185 .690 BARS 
93 6792.91 6.046 - ,298 .815 .814 
94 6939.78 .176 .413 .940 .853 
95 7088.22 6.309 5.529 6.068 1.893 
96 7238.23 .442 . 646 .196 — $0083 
97 7389.81 nid, . 764 aes) .973 
98 7542.96 Dele les . 884 457 2.014 
99 7697.69 .851 6.004 .589 .055 
100 7853.98 6.990 6.126 6.723 2.097 
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PLATINUM WIRE TABLE, BROWN & SHARPE GAUGE 


, 


GIvING DIAMETER AND APPROXIMATE Mass 


GauGcE No. 10 11 
Diameter in dec. in... .| 0.106) 0.091 
Approximate mass in 

grams, per foot.....|87.5 |28.0 
~ Gauce No. 17 18 
Diameter in dec. in...| 0.045] 0.041 
Approximate mass in 
grams, per foot..... CAO Sa 

GaucE No. 23 24 
Diameter in dec. in. 0.023} 0:020 
Approximate mass in 

in grams, per foot...} 1.8 1 

GauaeE No. 29 30 
Diameter in dec. in... |0.0115} 0.010 
Approximate mass in 

in grams, per foot... |0.45 0.35 


Toe ats |: 142 -| 0 16. bi-8e 
0.081] 0.072] 0.064] 0.057! 0.051 
22.0 |17.5 |14.0 |11.0 | 9.0 
ie | aot “O17 feage 
0.036] 0.032} 0.029} 0.026 
ac feel erty eee apa 
Ot <[e oetiel> Syaeeag | ate 
0.018] 0.016] 0.014] 0.013; 
Ee Vl O-eet0a7? 006 
ear cs are 
0.009} 0.008) 0.007/0.0063/0.0056 
0.28 | 0.22 | 0.17 | 0.15 |o.11 


RESISTANCE OF ALUMINUM WIRE 


GIVING THE RESISTANCE OF Harp DRAwN ALUMINUM WIRE aT 20° C. 
(From the Bureau of Standards.) 


Gauge Ohms per 
number. 1000 ft. 
0000 0.0804 
0co .101 
00 128 
0 tal 
1 .203 
2 . 256 
on BPs 
4 -408 
5 514 
6 648 
é 817 
8 1.03 
9 1.30 
10 1.64 
11 DEO es 
1192 Ze oil 
13 S29 
14 4.14 
ie Dee 
16 6.59 
gf Saal 
18 LORS 
19 Lome 


Ohms per 
kilometer. 


QO. 


Oar PWNNH He 


Gauge Ohms per Ohms per 
number. 1000 ft. kilometer. 
20 16.7 54.6 
me 21-20 68.9 
22 26R5 86.9 
23 33.4 110. 
24 42.1 138. 
25 53.1 174. 
26 67.0 220. 
27 84.4 Dla 
28 106. 349. 
29 134 440. 
30 169 555. 
31 213). 700. 
Be 269. 883. 
33 339. 1110 
34 428. 1400. 
35 540. 1770. 
36 681. 2230 
37 858. 2820 
38 1080. 3550. 
39 1360. 4480. 
40 1720. 5640. 
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APPROXIMATE RESISTANCE OF WIRES 


Giving the resistance in ohms of one centimeter length, at 
20°C. Owing to varying composition and physical condition, 
these values can be considered only as approximations. 


Gauge Diam. Con- German 


aaa ; a Brass stantin ailver Iron Manganin 

10 .2588 .00014 .00098 .00056° .00023 .00080 
12 . 2053 .00023 .00148 .00089 . 00036 .00127 
14 .1628 . 00037 .0024 .00142 .00058 .0020 
16 .1291 .00058 .0037 . 0023 . 00092 .00382 
18 . 1024 .00091 .0059 .0036 .00146 .0051 
20 .08118 .00147 .0095 .0057 .0023 .0081 
22 .06488 .0023 .0150 .0090 .0037 .0129 
24 .05106 .0037 024 0144 .0059 .021 
26 .04049 .0059 .038 .023. .0093 .033 
27 .03606 .0075 .048 .029 0118 .041 
28 .03211 .0093 .061 .036 ..0148 .052 
30 .02546 .0147 .096 .058 .024 .083 
32 .02019 .024 . 153 .092 .038 .131 
34 .01601 .038 24 .148 .060 .209 
36 ,01270 .060 .39 28 .094 133 

40 .00799 ai Ks) .98 .69 24 84 
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MATHEMATICAL TABLES 
ALGEBRA 


Factors 
Se b)? = a2 + 2ab+ BF 
os b)? = a? + 3a2b + 3ab? +. Bb 
— b? = (a — b)(a + b) 
— B= (a — BaP + ab + b?) 
+ b* = (a + b)(a? — ab + DB?) 
a® — 6" = (a — b)(a®" + a® 6 +... +b") 
a” — b” = (a + b)(a™"! — a* 2b +..., — be), 
for even values of n. 
a” + 6" = (a + b)(a™! — a” b+..., +b), 
for odd values of n. 
at + a?b*? + bt = (a? + ab + b*)(a? — ab + B?) 
(a+b+c)?=a?+ 084 24 2ab+ 2ac + 2be 
(a+6+4+c)=a'+ b? + 2 + 3a2(b + c) + 3b2(a + c) + 
3¢(a + b) + babe 
Quadratic Equations 


Any quadratic equation may be reduced to the form,— 
ax* + br+c=0 


PO moat —-bivd B — 4ac 
2a 


If b? — 4ac is positive the roots are real and unequal. 

If 6? — 4ae is zero the roots are real and equal. 

If 6? — 4ac is negative the roots are imaginary and unequal. 

If b? — 4ac is a perfect square the roots are rational and un- 
equal. 


| Exponents 
| az*yx awa=arty ane uk 
| a 
| ey —qr-y q? = 1 
ay 
| POR eg ee 
fa? 4s az¥ Gage 
Proportion 
ah. 236 
a oe 
Gab. etd 
Then aaa 
eb 2-8 
( Vaan 
a—b -c—¢ 
Gh -¢e-a 
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ALGEBRA (Continued) 
Sums of Numbers 
The sum of the first n numbers, — 
X(n) =14+2+38+4+4+409 aii 
The sum of the squares of the first n numbers, ~ 
Bit) = 4384 4 Be te = MEE SD) 
The sum of the cubes of the first m numbers, 


>(nd) = 18 422438449 +58... te = MEI 


Arithmetical Progression 


If a is the first term; J, the last term; d, the common difference; 
n, the number of terms and s, the sum of terms, — 


=a+(n-1)d 
s = 5(a +1) 
s= 5 {20+ (n-1)d} 


Geometrical Progression 


If a is the first term; J, the last term; r, the common ratio; 
n, the number of terms and s, the sum of n terms, — 


l=arr71 
aa — 1) 
Pat: 
a(l —7*) 
Ta aan 
If n is infinity and 7 less than unity, — 
ee 
a eee 
Permutations 


If M denote the number of permutations of n things taken p 
at a time, — 
: M =n(n—-1)(n—-2)....(n—-p+1) 
Combinations 
If M denote the number of combinations of n things taken p 


at a time, — . 
Pg caats Ua ESE Dae 
ip 


[r 


wo phe 
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ALGEBRA (Continued) 

Approximations 

If a and 6 are small quantities, the following relations are 
approximately true, — 
(l+a)™"=1+ma 
(1 +a)" +b)" =1+ma+nb 
If n is nearly equal to m, 
as SE in : 
Vnm = 9» approximately. 
If 6 is a very small angle expressed in radians, — 
sin 0 tan 0 


re 1 and ro i 1, approximately. 
Series 


Binomial 


@+y)* =a" + nat ly + oe 2) 5 eR) lee ae 


Pen Ot = n> 1) 


1 Ns Mi 

Lim (y> < 2°) 

esa bt pe pO nea Dae le 
2 3 (eee 

(1 +2)" =1 ne. Oe - Rn — V(n — 2)a8 | ete. 
| [2 a A3 @ <2) 
eee) atl pe et og ot Ea... (22 -<1) 
(dat x)? =1 F 27 + 82? + 423 + 5a! F 628 +... Gz) 


Taylor’s Series 


fle +h) = f(a) + hfe) + Bf @) a af) tae 


Maclaurin’s Series 


fe) =fo) +2 fo +270) +2") +... 


[2 3 
Exponential 
: gaa eee 
TAS ip areanagae 
a =1+eloga + Clog) 5 Glog ay, | 
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ALGEBRA (Continued) 


. Logarithmic 
__@=1 1fg+1) | lye-1\ 
logerx = . +5( Zs ea - yr 
(t > 3) 
logex = (2 —- 1) —-3(@ - 1)? +3 - 1)° -... 
(>t 


; _ 1 
It = 2 +3(2= 
OBex ned 


loge(1 + %) = % — ga? + 32° gt. 
ey 


)rslesa) +] 


loge(n +1) = loge(n — 1) -2[- +5 aos ee) 
on> 
Kigerck a 
logio(n + 1) — log” == +—+=— +... where k = .4343... 
Vi 2s ore 
Trigonometric 
. “isd Joh 
naam ae 5 ae 


opt ge Be 
Crre Pika Pe IG a 2 
Hehe Pecan whey! hata r 
SNS Tig Te gags 


eo co cake <a, 2 
1 if 1 
—1> — — _ 73 =a) Sa 2 
tan—z2 =2 ote zu tees | (92-77) 


Ug 
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MENSURATION FORMULA 
Plain Figures Bounded by Straight Lines 
The area of a triangle whose base is b and altitude h 
_hb 
5" 


The area of a triangle with angles A, B, and C and sides 
opposite a, b, and c, respectively 


=1/2ab sin C. 
or = V5(s—a)(s—b)(s—o), 


where s=1/2(a+6b+c). 
A rectangle with sides a and 6 has an area =ab. 
The area of a parallelogram with side b and the perpendicular 
distance to the parallel side h 


=bh. 


The area of a parallelogram with sides a and b and the included 
angle 6 
=ab sin 0. 


The area of a rhombus with diagonals c and d, 
= cd. 


The area of any quadrilateral. with diagonals a and 6b and 
the angle between them @ 


. = ab sin 0. 
The area of a regular polygon with n sides, each of length 1, 
180 


= 7nl? cot —. 
n 


For a regular polygon of n sides, each side of length 1, the 
radius of the inscribed circle, 


The radius of the circumscribed circle, 


os cosec ct 
2 at. 
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Area, Radius of Inscribed and Circumscribed Circles for 
Regular Polygons 


l=length of one side. 


Radius of Radi 
Name. eee: Area. inscribed. artnet 

cirele. circle. 
Triangle, equilateral 3 0.483017? | 0.288671 | 0.577351 
Squares “a ee 4 1.00000/? | 0.500002 | 0.707101 
Pentasone on 3.ca% 5) 1.72048/? | 0.688191 | 0.850651 
Hexagon...... A see 6 2.59808/? | 0.866021 | 1.00001 
Hepiagcons.<2).8e. . ic 3.633911? | 1.038382 | 1.15231 
CEDAGONE Ae tay aes 8 4.828437? | 1.20711 | 1.30651 
IWomston’ os vs awe ec 9 6.181827? | 1.37371 | 1.46191 
Decagon . 4 <0) e5- 10 7.694211? | 1.53881 | 1.61801 
Wndécacony -.2242\- it 9.36564/? | 1.70281 | 1.77471 
Dodecagon.......° 12 11.19615/? | 1.86602 | 1.93182 


Radius of circle inscribed in any triangle, whose sides are 
a, b, and c, where s=43(a+b-+c) 


es V's(s—a)(s—b)(s—c). 


s 


The radius of the circumscribed circle 
* abc 
4V's(s—a)(s—b)(s—c) 


The perimeter of a polygon inscribed in a circle of radius r, 
where n is the number of sides, 


=2nr sin ~. 
n 
The area of the inscribed polygon, 
-=inr? gin 4s . 
n 


The perimeter of a polygon circumscribed about a circle 
of radius r, number of sides n * 


=2nr tan—. 
n 
The area of the circumscribed polygon 


v 
=nr? tan—. 
n 


322 


HANDBOOK OF CHEMISTRY AND PHYSICS 


Plane Figures Bounded by Curved Lines 


The circumference of a circle whose radius is r and diameter 
d(d =2r) 
=2rr=rd. 
The area of a circle 
=r? = lard? = .7854d?. 
The length of an arc of a circle for an arc of 6 degrees 
gene 
~ 180° 


Notre.—In this and following similar formule r denotes 
the radius of the circle, (OC, Fig. 1). 
For an arc of @ radians the length 


= 70s 


O 


BGaLs 


The length of a chord subtending an angle 6 
=2r sin 30. 


The area of a sector where @ is the angle between the radii 
in degrees 
pom 


860’ 
If s is the length of the are, the area of the sector 


Bae 
= 
The area of a segment where @ is the angle between the 
two radii in degrees 


ae sin 6 
~ 360 Z, 
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If 6 is in radians the area 
= 472(0—sin 6). 


The area of the ring between two circles of radius 7; and 7%, 
one of which encloses the other, 


=n(ry+r2) (1 —12). 


The two cricles are not necessarily concentric. 
Area of the sector of an annulus. |(Fig. 2.)—If angle 
GOH =6 and the lines GO and JO=r, and r2 respectively, the. 


area GHIJ 
= Z6(11 +r) (ry —T1e). 


«Sy 


Ie PA. 


If s, =the length of the arc GH and s)=the arc JJ andh=HI= 
r1—T2, the area GHIJ 


= $h(si+s82). 
The circumference of an ellipse whose semiaxes are a and b 


a ee sie 
= 2n| aa approximately. 
The area of an ellipse | 


=rab. 


The length of the arc of a parabola, as arc SPQ in Fig. 3, 
where =PR, and y=QR a: Fs, 


The area of the section of the parabola PQRS, 


Sn 
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Solids Bounded by Planes 


The lateral area of a regular prism = perimeter of a right section 
xX the length. 


The volume of a regular prism =area of base x the altitude. 
The lateral area of a regular pyramid, slant height / and length 


of one side of base a, 
=inal. 


The volume of a pyramid =} area of base & altitude. 


Q 


Fia. 3. 


Surface and Volume of Regular Polyhedra 


Surface and volume of regular polyhedra in terms of the 
length of one edge l, c 


Name. Nature of surface. Surface. Volume. 


Tetrahedron. ..| 4 equilateral triangles} 1.73205/? | 0.117851 
Hexahedron or | 


CHUNG se 3 te Zs 6 squares..........| 6.00000/? | 1.00000I? 
Octahedron....} 8 equilateral triangles} 3.46410/? | . 0.4714013 
Dodecahedron .| 10 pentagons.......} 20.64578/? | 7.663121? 
Icosahedron .. .| 20 equilat.-triangles.| 8.66025/? | 2.18170I3 


Solids: Bounded by Curved Surfaces 
The surface of a sphere of radius r and diameter d( =2r) 
=4er? =nd? =12.577r?. 
The volume of a sphere 


=grr = ¢rd3 =4.189r3, 
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The area of a lune on the surface of a sphere of radius r, 
included between two great circles whose inclination is @ radians 


=2r76. 


The area of a spherical triangle whose angles are A, B, and 
C (radians) on a sphere of radius r 


=(A+B+C—n)r. 


The area of a spherical polygon of n sides where @ is the 
sum of its angles in radians 


=[0—(n—2)a|r?. 


The area of the curved surface of a spherical segment of 
height h, radius of sphere r 


=2arh. 

The volume of a spherical segment, data as above 
= trh?(3r —h). 

If a=radius of the base of the segment, the volume 
=trh(h?+3a?). 


The curved surface of a right cylinder where r=the radius 
of the base and h, the altitude, 


=2rrh. 
The volume of a cylinder, data as above, 
=arrrh, 


The curved surface of a right cone whose altitude is h and 
radius of base r 
=orv/ reth?, 
The volume of a cone, data as above, 


=3rh =1.047r?h. 


The curved surface of the frustum of a right cone, radius of 
base r, of top r? and altitude h, 
=7(71 +12) VS her. 


The volume of the frustum of a cone, data as above, 


Couey 
7h 9 io rf 
The oblate spheroid is formed by the rotation of an ellipse 


about its minor axis. Ifa and } are the major and minor semi- 
axes respectively, and e the eccentricity, the surface 


and volume = 47a. 
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The prolate spheroid is formed by the rotation of an ellipse 
about its major axis (2a), data as above. 


ab. 
Surface = 2b? + 2a sin —‘e, 


volume , =4/3rab?. 


TRIGONOMETRIC FUNCTIONS IN A RIGHT-ANGLED 
TRIANGLE 


If A, B, and C are the vertices (C the right angle), and a, b, 
and h the sides opposite respectively, 


i ae at) b 
sin A = cos A = 
a b 
tan, A =-, cot A =, 
i) a 
secant A me : cosec A =e 
b’ a 
B 
h 
(a) 
€ 
‘ b 
Fia, 4. 


SIGNS AND LIMITS OF VALUE ASSUMED BY 
THE FUNCTIONS 


Quadrant I. Quadrant II. | Quadrant [II. | Quadrant IV. 


Funtion. 

Sign.| Value. |Sign.| Value. | Sign.}. Value. | Sign.| Value. 
OMIYS.. can +/|0Otol | +!/!1todO/) — | Otol! —!]1t0od 
206 2 es.-3 oor ve) Otol | — | ttoO |) —-' 0 tol 
tan + | O0to 7} — |~ to0 |] + | Oto o] — |a to0 
SGus cure + |x to0 | — | Oto ~| + lm to0 | — | Oto 
Oe one + ]}l1tow] — jo tol | — | 1lto o| + |o tol 
cosec + |% tol +/1lto«7| —|jotol! —|;1lto®~ 
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VALUE OF THE FUNCTIONS OF VARIOUS ANGLES 
0° 30° 45° 60° 90° 180 24 


1/2 — i1v3 = 
SIN seis. ous 0 1/ 5 2V3 1 | 0 -1 
= s! 
cos 1 44/3 ae 3 0 —1 0 
tan pce 0 LINCO st AS: 368 0 00 
1 
cot... oo) 3 1 Ws 0 . 0 


RELATIONS OF THE FUNCTIONS 


e s1 1 
sin' 2 = f cosec 2=——. 
cosec x sin x 
a 
cos = < see tc - = : 
sec x COS & 
1 sin 2 
tan <¢= = , 
cot X cosx 
Sia cos x 
cot += =— ; 
tan x sin x 
sin «© =V1—cos? x. cos © =V1—sin 2z. 
tan « =Vsec?—1. sec x =Vtan2?+1. 
cot x =Vcosec? x—1. cosec x= V cot? +1. 


sin x =cos (90—2) =(sin 180—2). 
cos x =sin(90—2) = —cos (180—2). 
tan x =cot (90—2) = —tan (180—z). 
cot z =tan (90—2) = —cot (180—2). 


FUNCTIONS OF SUMS OF ANGLES 


sin (x+y)=sin x cos y+cos «x sin y. 
sin (x—y)=sin x cos y—cos x Sin y. 
cos (2+y) =cos © cos y—sin xsin y. 
- cos (7 —y) - cos © cos y+sin ZX sin y. 


f,») — tan a--tan y 
tan ©TY =] tan 2 tan y 
ata (xy) _ tan x—tan y 


/” 1-+tan ztany 
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FUNCTIONS OF MULTIPLE ANGLES 
sin 27=2 sin x cos z. 7 
cos 22 =cos? x—sin? r=2 cos? e—1=1—2 sin? z. 
sin 32 =3 sinz—4 sin? z. 
cos 3x =4 cos’ x—3 cos 2. 


2 Lan st 
22 =——_—__.. 
iad l1—tan? x 
3 tan r—tan? x 
2 = —_____., 
tan 3 1—3 tan? x 
: 1—e 
sin 3% = a E 
2 
1 = 
cos 42 =4 ae 
2 
Pe sean — cos ie 
sgear 1+cos x 


RELATIONS BETWEEN SIDES AND ANGLES OF ANY 
TRIANGLE 


In a triangle with angles A, B, and C and sides opposite a, 
b, and c respectively, 
sin A_sin B_sin@ 
a b coe 
a? =b?+c?—2bc cos A. 
a=bcos C+ cos B. 


Oe ie cet 

cos A Sara eRe 

t A-—B_a—b rf 
aR a+b 2 


sin A =~ Vse—ais —b)(s—c), 


where s=}(a+b-+c). 
at (s —b)( )(s—e) 
a be 
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CALCULUS 
Derivatives 
dax = adx 
dv du 
duv = Gr — nae 
je _ 2 
a = ( dx “ae \te 
v 7 
da” =n x" dx 
_ fu) du | 
d fu) = dus dx as 
d et = etdx 


de =a e%*dx 
1. 
d logex = wt 


dx* = x*(1 + loge x) 
dsin x = cos x dx 


dcosx = —sinxdz 
dtan x = sec? x dx 
d cot x = —csc? x dx 
dsec x = tan x sec x dx 
_ dese x = —cot x - csc x dx 
dsin —y = (1 — x?)~2dx 
d cos “tz = —(1 — 2”) -“2dx 


dtan 2 = (14 2?) "dx 

d cot a = —(1 + 2?) “dx 
dsec 7a = x71(2? — 1)-4dx 
d ese a4 = —x71(x? — 1)~3dx 


Integrals 
r q grt t 1 
6G Leal except n = — 
dx 
J: es log x 
SCdE =e 


1 
fee da =e 


S x eM@dx = Sax — 1) 


S logvdx =xlogx-—2x 
S udv =u — f vdu 
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Integrals (Continued) 


JS (a+ ba)"dx = EDD 
5 Ree gee ehe ee 
sf (a? + x?) ‘dt == tan a = 7 sin ever 
1 Aa+2x 
Be ped) Bc Ne : 
S (a — x?) dx Sa eae 
S (@ — x*)-tdz.= sin” = —cos™! — 
S x(a? + 2?)-3dx = +(a? + 2*)3 
JS sin? xdx = oe cos x sin x + 42 
JS cos? x dz = 4sinz cos x + 42 
of Billet COS dr => snr 
of emiarcos 2) "dr = 1 tan x 
J tan «dx = —log cos x 


JS tan? «dx = tan x — x 

S cot x dx = log sin x 

JS cot? tdx = —cotx —-— 2 
S ese xdx = log tan 4x 
frsin 2dr = sine "7 cos 
JS xeosxdx =cosx+ausinz 
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ANALYTICAL GEOMETRY 


The distance between two points x, y1, and 22, yp, ieee 
coordinates: | 


d=+V (m —m)?4+ Ye —y? 


For polar codrdinates and points 71, (1, and re, 62: 


d=+Vre2+r2— 2ryrz cos (0, — 2) 
The area of a triangle whose vertices are 21, 1; V2, Ye, and 23, Y3: 
= Z(LiY2 — Lei + LYs — Lsyo + Lay — LrYs) 
For polar coérdinates and vertices, 71,61; 12, 2, and 13, 03: 
A= $ { (rire sin (0, _ 6;) + TeP3 sin (03 _ 02) 
+ 1311 sin (A; “= 0;)} 
The equation of a straight line where m is the tangent of the 
angle of inclination and c, the distance of intersection with the axis 


from the origin: 
y=mr+e 


If a line of inclination m passes through the point 1, its 
equation is: 


Y¥- Y= ma — x) 
The equation of a line through the points 1, y1, and 2», y2 is: 
Gor Gio eat 
De Yin bt 


If the intercepts on the axes are a and b, the equation is: 


a be 


If the length of the perpendicular from the origin is p and its 
angle of inclination 6 the equation is: 


| xcosé+ysiné@ =p 
General equation of the straight line: 
Ax+By+C=0 
‘The equation of a circle whose center is at a, b: 
(w — a)? + (y — b} = 
If the origin is at the center: 
et apie 


The polar equation of a circle with the origin on the circum-_ 
ference and its center at point c, a: ; 


r.= 2c.cos (0 — a). 


oe 
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If the origin is not on the circumference, the radius a and the 
center at a point l, a, the equation becomes: 
a? = 7? + [? — 2rl cos (6 = a) 


The equation of a parabola with the origin at the vertex, where 
p is the distance from the focus to the vertex: 


y” = 4px 


The polar equation where the pole is at the focus and / the semi- 
latus rectum is: 


ee Gon é 
r 


If the pole is at the vertex and p as above: 
ee: 4p cos 0 
sin? 6 


The equation of the ellipse with the origin at the center and 
semi-axes a and b: 


a? y a 
oe 

Polar equation where the pole is at the center: 
a ab? 


~ a2 sin? 6 + b? cos? 6 


The equation of the hyperbola with the origin at the center, 
semi-axes a and b: 


fav. 
ee 
Polar equation, pole at center: 
- gc azbh2 


a? sin? 6 — b? cos? 6 


EXPLANATION OF LOGARITHM TABLES 


The logarithm of a number is the exponent of that power to 
which another number, the base, must be raised to give the num- 
ber first named. The base commonly used is 10 and as most 
numbers are incommensurable powers of ten a common loga- 
rithm, in general, consists of an integer which is called the 
characteristic and an endless decimal, the mantissa. 

It is to be observed that the common logarithms of all num- 
bers expressed by the same figures in the same order with the 
decimal point in different positions have different characteristics 
but the same mantissa. To illustrate: —if the decimal point 
stand after the first figure of a number, counting from the left, 
the characteristic is 0; if after two figures, it is 1; if after three 
figures, it is 2, and so forth. If the decimal point stand before the 
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first significant figure the characteristic is —1, usually written T: 
if there is one zero between the decimal point and the first signifi- 


cant figure it is 2 and so on. For example: log 256 = 2.40824, 


log 2.56 = 0. Hors log 0.256 = 1.40824, log 0.00256 = 3.40824. 
Inasmuch as the characteristic may be determined by inspection 
the mantissas only are given in tables of common logarithms. 

To find the logarithm of a number. 

For a number of four figures take out the tabular mantissa 
on a line with the first three figures of the number and under its 
third figure. The characteristic is determined as previously 
explained. 

For a number of less than four figures supply zeros to make 
a four figure number and take the value of the mantissa from the 
tables as before. For example: log 2 = log 2.000 = 0.30103. 

For a number of more than four figures take the tabular value 
of the mantissa for the first four figures; find the difference 
between this mantissa and the next greater tabular mantissa 
and multiply the difference so found by the remaining figures of 
the number as a decimal and add the product to the mantissa 
of the first four figures. For example: to find log 46.762. 

log 46.76 = 1.66987 
Tabular difference between this mantissa and that for 4677 
is .00010. 
. log 46.762 = 1.66987 + .2 x .00010 
= 1.66987 + .00002 
= 1.66989 


To find the number corresponding to a given logarithm. 

If the mantissa is found exactly in the table, join the figure 
at the top which is directly above the given mantissa to the 
three figures on the line at the left and place the decimal point 
according to the characteristic of the logarithm. For example, 
log (antilogarithm) 3.39967 = 2510. 

If the mantissa is not found exactly in the table it is necessary 
to interpolate. For example, log™! 3.40028 = 25138. + 3% = 2513.5. 

The column of proportional parts at the right of each page of 
the table shows, under the heading of the various tabular differ- 
ences, the parts of these differences which correspond to the 
digits from 1 to 9 in the fifth place. This makes it possible to 
take out a logarithm for a five figure number or to find an anti- 
logarithm of the same number of significant figures with increased 
facility, usually by inspection. 

The following formul express the relations on which the use . 
of logarithms is based. 


log ab = loga + log b 
log 7 = log a — log b 
log a” =n x loga 
‘ top g Tee 


n 
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FIVE-PLACE LOGARITHMS 


N 0 Hi 2 3 4 
100 | 00 000 043 087 130 173 
101 432 475 518 561 604 
102 860 903 945. 988 *030 
103 | 01 284 .326 368 410 452 
104 703 745 787 828 870 
105 | 02 119 160 202 2437284 
106 5381 572 612 653 694 
107 | - 938 979 *019 *060 *100 
108 | 03 342 383 423 463 503 
109 743 782 822 862 902 
110 | 04 139 179 218 258 297 
111 532 571 610 650 689 
112 922 961 999 *038 *077 
113 | 05 308 346 385 423 461 
114 690 729 767 805 843 
115 | 06070 108 145 183 221 
116 446 483 521 558 595 
117 819 856 893 930 967 
118 | 07 188 225 262 298 335 
119 555 591 628 664 700 
120 918 954 990 *027 *063 
121 | 08 279 314 350 386 422 
122 636 672 707 743 778 
123 991 *026 *061 *096 *132 
124] 09 342. 377 412 447 482 
125 691 726 760 795 830 
126 | 10037 072 106 140 175 
127 380 415 449 483 517 
128 721 755 789 823 857 
129 | 11059 093 126 160 193 
130 394 428 461 494 528 
131 727 760 793 826 860 
132 | 12 057 090 123 156 189 
133 385 418 450 483 516 
134 710 743 775 808 840 
135 | 13 033 066 098 130 162 
136 354 386 418 450 481 
137 672 704 735 767 799 
138 988 *019 *051 *082 *114 
139 | 14 301 333 364 395 426 
140 613 644 675 706 737 
141 922 953 983 *014 *045 
142 | 15 229 259 290 320 351 
143 5384 564 594 625 655 
144 836 866 897 927 957 
145 | 16137 167 197 227 256 
146 435 465 495 524 554 
147 732 761 791 820 850 
148 | 17026 056 085 114 143 
149 319 348 377 406 435 
150 609 638 667 696 725 
oe eee 

N 0 a i aie 4 


217 260 303 346 389 
647 689 732 775 817 
*072 *115 *157 *199 *242 
494 536 578.620 662 
912 953 995 *036 *078 
325 366 407 449 490 
735 776 816 857 898 
*141 *181 *222 *262 *302 
543 583 623 663 703 
941 981 *021 *060 *100 


336 376 415 454 493 
727 766 805 844 8838 
*115 *154 *192 *231 *269 
500 538 576 614 652 
881 918 956 994 *032 
258 296 333 371 408 
633 670 707 744 781 
*004 *041 *078 *115 *151 


372 408 445 482 518 
737 773 809 846 882 


*099 *135 *171 *207 *243 
458 493 529 565 600 
814 849 884 920 955 
*167 *202 *237 *272 *307 


517 
864 
209 
551 
890 
227 


561 
$93 
222 
548 
872 
194 
513 
830 


552 
899 


243 | 


585 
924 
261 


594 
926 
254 
581 
905 
226 
545 
862 


621 656 

968 *003 

312 346 

653 687 

992 *025 

327 361 
\ 


661 694 
992 *024 
320 352 
646 678 
969 *001 
290 322 
609 640 
925 956 


*145 *176 
457 489 


768 799 
*076 *106 
381 412 
685 715 
987 *017 
286 316 
584 613 
879 909 
173 202 
464 493 


*208 *239 *270 
520 551 582 


829 860 891 
*137 *168 *198 
442 473 503 
746 776 806 
*047 *077 *107 
346 406 
643 702 
938 997 
231 289 
522 580 


754 782 811 869 


Proportional 
parts 
44 43 42 
1 4)4*" 4535 452 
2} 8,8 8,6 84 
Si13,202,9m lao 
4\17,6 17,2 16,8 
5/22,0 21,5 21,0 
6|26,4 25,8 25,2 
7/30,8 30,1 29,4 
8/35,2 34,4 33,6 
9139,6 38,7 37,8 
41 40 39 
IPA pee ane 7370) 
ANUS, eS, OM ae tae 
StL Be 2 Or 7 
4)16,4 16,0 15,6 
5/20,5 20,0 19,5 
6/24,6 24,0 23,4 
7|28,7 28,0 27,3 
$/32,8 32,0 31,2 
9/36,9 36,0 35,1 
38 37 36 
UN Bye ee SS 
PIE CiOien G4 oleae 
roa dO? eo a) 32 
4/15,2 14,8 14,4 
5|19,0 18,5 18,0 
6|22,8 22,2 21,6 
7\26,6 25,9 25,2 
8|30,4 29,6 28,8 
9/34,2 33,3 32,4 
35 34 33 
Wins oe0 3/4 13-3 
27,0 684 6,6 
3/10;5: 10,2 *9,9 
4114,0 13,6 13,2 
Ss, Oralit Ole los, 
6|/21,0 20,4 19,8 
7\24,5 23,8 23,1 
8|28,0 27,2 26,4 
9|31,5 30,6 29,7 
82° © 3104.80 
1 Sy a onder coLO 
22 6/4. 6,25 56,0 
3} 9,6. 9,3 9,0 
4\12,8 12,4 12,0 
5/16;0R dom bD,0 
6/19,2 18,6 18,0: 
7\22,4 21,7 21,0 
8'25,6 24,8 24,0 
9\28,8 27,9 27,0 
Proportional 
parts 
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FIVE-PLACE LOGARITHMS (Continued) 


iN 0 il 2 3 


150 | 17 609 638 667 696 
151 898 926 955 984 
152 | 18 184 213 241 270 
153 469 498 526 554 
» 154 ~752 780 808 837 
155 | 19 033 061 089 117 
156 312 340 368 396 
157 590 618 645 673 
158 866 893 921 948 
159 | 20 140 167 194 222 


160 412 439 466 493 
161 683 710 737 763 
162 952 978 *005 *032 
163 | 21 219 245 272 299 
164 484 511 537 564 
165 748 775 801 827 
166 | 22 011 037 063 089 
167 272 298 324 350 
168 531 557 583 608 
169 789 814 840 866 


170 | 23 045 070 096 121 


179 285 310 334 358 
180 527 551 575 600 


186 951 .975 998 *021 


188 416 439 462 485 
189 646 669 692 715 


190 875 898 921 944 


4 


725 
*013 
298 
583 
865 
145 
424 
700 
976 
249 


520 
790 
*059 
325 
590 
854 
115 
376 
634 
891 


147 


382 
624 


738 
967 


5 6 7 8 9 


754 782 811 840 869 
*041 *070 *099 *127 *156 


327 355 
611 639 
893 921 
173 201 
451 479 
728 756 
*003 *030 
276 303 


048 575 
817 844 
*085 *112 
352 378 
617 643 
880 906 
141 167 
401 427 
660 686 
917 943 


989 *012 
217 240 


776 798 


384 
667 
949 
229 
507 
783 


412 
696 


441 | 


724 


977 *005 


257 
535 
811 


285 
562 
838 


*058 *085 *112 


330 
602 


871 
*139 


346 


358 


629 
898 


385 


656 
925 


*165 *192 


431 
696 
958 
220 
479 
737 


458 
722 
985 
246 
505 
763 


994 *019 


249 
502 
754 


274 
528 


ote) 


*005 *030 


254 
502 
748 


279 
527 
773 


993 *018 


*138 *161 


370 


393 


577 600 623 
807 830 852 


*035 *058 *081 


262 
488 
713 
937 
159 
380 
601 
820 


285 


842 


307 


863 


994 *016 *038 *060 *081 
211 233 255 276 298 


336 


Proportional 
parts 
29. 28 
1 2,9. 2,8 
2 5,8 5,6 
3 8,7 8A 
44\:11,6. 1122 
5 | 14,5 14,0 
6/174 16,8 
« 4.20;3° (1956 
8 428,23 222.4- 
9 | 26,1 25,2 
27 26 
1 Di ln aes 
2 5A 65,2 
SES Ace 
4/}10,8 10,4 
oP 13;5°-13°0 
6| 16,2 15,6 
7 | 18,9 18,2 
8 | 21,6 20,8 
9 | 24,3. 23,4 
25 
ie 22:5 
2 5,0 
3 7,5 
4 | 10,0 
5 | 12,5 
6 | 15,0 
Cals ,o 
8 | 20,0 
9 | 22,5 
24 . 23 
it DAS S 
2 48 4,6 
3 7 22 9 
4 96 -9,2 
5 1 2y0re Web 
6| 14,4 13,8 
7 | 16,8 16,1 
8 | 19,2 18,4 
9 | 21,6 20,7 
22 21 
1 2,0. -e et 
2 44 4,2 
3 6,6 6,3 
4 8,8 8,4 
5 Pp 41,0"- 10,5 
6413,2 12,6 
71154 14,7 
8 | 17,6 16,8 
9} 19,8 18,9 
Proportional 


parts 
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FIVE-PLACE LOGARITHMS (Continued) 


2 


4 


125 146 168 190 
341 363 384 406 
557 578 600 621 
771 792 814 835 
984 *006 *027 *048 


197 
408 


218 


239 


260 


} 
j 


5 


6 


8 


211 233 255 276 
-428 449 471 492 
643 664 685 707 
856 878 899 920 


*069 *O91 *112 *133 
281 


492 
702 
911 
118 


325 
531 
736 
940 
143 
345 
546 
746 
945 
143 


341 
537 
733 
928 
122 
315 
507 
698 
889 


302 
ole 
723 
931 
139 


346 
552 
756 
960 
163 
365 
566 
766 
965 
163 


361 
557 
753 
947 
141 
334 
526 
717 
908 


323 
543 
744 
952 
160 


366 
572 
777 
980 
183 
385 
586 
786 
985 
183 


380 


577 
772 
967 
160 
353 
545 
736 
927 


*078 *O97 *116 


267 286’ 305 
455 474 493 
642 661 680 
829 847 866 


199 
383 
566 
749 
931 


112 
292 
471 
650 
828 


182 
358 
533 
707 


881 


218 
401 
585 
767 
949 


130 


310 
489 
668 
846 
199 
375 
550 
724 


898 


> || *014 *0383 *051 


236 
420 
603 
785 
967 


148 


“328 > 


507 
6386 
863 


| *005 *023 *041 


217 
393 
568 
742 


915 


345 
555 
765 
973 
181 


387 
593 
797 
*O01 
203 
405 
606 
806 
*005 
203 


400 
596 
792 


986 ° 


180 
372 
564 
755 
946 


*135 * 


324 
511 
698 
884 


881 
*058 
235 
410 
585 
759 


933 


298 
514 
728 
942 
*154 
366 
576 
785 
994 
201 


408 
613 
818 
*021 


899 
*076 
252 
428 
602 
777 


950 


Proportional 
parts 
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et et et 
NIST SO NI 
SPDWwWPOONOO 


= 
~~ yy OB 
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WOWOND CrP WOH 


~ 


COO tS OO OT. 
woodwhoeRnn 


ee 


Proportional 
parts 


259 
260 


269 
270 


275 


279 
280 


289 
290 
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FIVE-PLACE LOGARITHMS (Continued) 


41 162 


42 160 


43 136 


45 025 


939 
46 090 


240 
389 
538 
687 
835 
982 
47 129 
276 
422 
567 


ali, 


1 


2 


3 


4 


811 829 846 3863 
985 *002 *019 *037 
157 175 192 209 
329 346 364 381 
500 518 535 552 
671 688 705 722 
841 858 875 892 
*010 *027 *044 *061 


179 
347 


514 
681 
847 
*O12 
LT 
341 
504 
667 
839 
O91 


152 
313 
473 
632 
791 
949 
107 
264 
420 
576 


731 
886 
040 
194 
347 
500 
652 
803 
954 
105 


255 
404 
553 
702 
850 
997 
144 
290 
436 
582 


727 


196 
363 


531 


697— 


863 
*029 
193 
357 
521 
684 
846 
*008 


169 
329 
489 
648 
807 
965 
122 
279 
436 
592 


212 
380 


547 
714 
880 
*045 
210 
374 
537 
700 
862 
*024 


185 
345 
505 
664 
$23 
981 
138 
295 
451 
607 


229 


397, 


564 
731 
896 
*062 
226 
390 
553 
716 
878 
*040 
201 
361 
521 
680 
838 
996 
154 
311 
467 
623 


5 6 7 


8 


9 


881 898 915 933 950 
*054 *071 *088 *106 *123 


226 243 261 
398 415 432 
569 586 603 
139.106 23 
909 926 943 


278 
449 
620 
790 
960 


295 


*078 *095 *111 *128 *145 


246 263 280 
414 430 447 


581 597 614 
747 764 780 
913 929 946 
*078 *095 *111 
243 259 275 
406 423 439 
570 586 602 
732 749 765 
894 911 927 
*056 *072 *088 


217 233 249 
377 393 409 


338 


296 
464 


631 
797 
963 
*127 
292 
455 
619 
781 
943 
*104 


265 
425 
584 


743 - 


902 
*059 


217 


373 
529 
685 


840 
994 
148 
301 
454 
606 
758 
909 


313 
481 


647 


917 
*075 
232 
389 
545 
700 


855 
*010 
163 
317 
469 
621 
773 
924 


*060 *075 


210 


359 
509 
657 
805 
953 
*100 
246 
392 
538 
683 


828 


225 


374 
523 
672 
820 
967 
*114 
261 
407 
553 
698 


842 


9 


Proportional 
parts 
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51 


52 
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FIVE-PLACE LOGARITHMS (Continued) 


5 6 7 8 9 Proportional 
parts 
784 799 813 828 842 
929 943 958 972 986 
073 O87 101 116 130 
216 230 244 259 273 15 
309 373 387 401 416 1 5 
501. 515° 5380 544-558 23,0 
643 657 671 686 700 3.2475 
785 799 813 827 841 4] 6,0 
926 940 954 968 982 On| edee 
*066 *080 *094 *108 *122 6 | 9,0 
he | tOro 
206 220 234 248 262 8 | 12,0 
346 360 374 388 402 9 | 13,5 
485 499 513 527 541 
624 638.651 665 679 
762 776 790 803 817 
900 914 927 941 955 14 
*037 *051 *065 *079 *092 1 1,4 
174 188 202 215 229 2 2s 
Jue 325) -338 352) 365 3 | 4,2 
447 461 474 488 501 4 ae 
5 ,0 
583 596 610 623 637 6| 8,4 
GLS. LOL AS 1 DON at Te 7 | 9,8 
853 866 880 893 907 8) TL 
987 *001 *014 *028 *041 9 | 12,6 
TT 135 e448 62-175 
255: 268 282 295 308 
388 402 415 428 441 
521 534 548 561 574 13 
654 667 680 693 706 1 1,3 
786 799 812 825 8388 2 no 
3 , 
917. 980 943 957 970 4) 5,2 
*048 *061 *075 *088 *101 Gedk fey 55 
179 192 205. 218 231 6| 7,8 
310 323 336 349 362 (als eoal 
440 453 466 479 492 8 | 10,4 
569 582 “595 608 621 9 | 11,7 
699 711 724 737 750 
827 840 853 866 879 
956 969 982 994 *007 
084 097 110 122 135 : ee 
212 224 237 250 263 2) |e 4 
3389 352 364 377 390 3 | 3,6 
466 479 491 504 517 4) 4,8 
593 605 618 631 643 yf G70) 
719 732 TAA 757. 769 Gh 2-052 
845 857 870 882 895 ‘7 | 8/4 
970 983 995 *008 *020 8 | 9,6 
095—-108;, 120: 1337145 9 | 10,8 
220) 23am 245, 2088 210 
345 357 370 382 394 
469 481 494 506 518 
5 6 7 8 9 Proportional 
— parts 
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FIVE-PLACE LOGARITHMS (Continued) 


N. 0 1 D4 3 4 5 6 ie 8 9 Proportional 
parts 
350 | 54 407 419 432 444 456 || 469 481 494 506 518 
351 531 543 555 568 580 || 598 605 617 630 642 
352 654 667 679 691 704 || 716 728 741 753 76 
353 777 790 802 814 827 839 851 864 876 888 13 
354 900 913 925 937 949 962 974 986 998 *011 1 13 
355 | 55 023 035 047 O60 072 || 084 096 108 121 133 21-26 
356 145 157 169 182 194 || 206 218 230 242 255 SP 35 
357 267 279 291 303 315} -828° 340 352- 364° 376 Avi soe 
358 888 400 413.425 4387 || 449 461 473 485 497 a) 26,5 
359 509 522 534 546 558 || 570 582 594 606 618 2 ae 
ni 
360 630 642 654 666 678 || 691 708 715 727 739 8 | 10,4 
361 751 763 775 %87% 799.|| 811 823 8385 847% 850 Oe |) LAF 
362 871.883 895 907 919 931 943 955 967 979 
363 991 *003 *015 *027 *038 || *050 *062 *074 *086 *098 
364 | 56 110° 122 434 146-158 170 182 194 205 217 
365 229, 24% 9253 . 265-2726 1) 289 301 4313 13247336 12 
366 348 360 372 384 396 || 407 419 481 443 455 1 (pe 
367 467 478 490 502 514 526 538 549 561 573 2 2A 
368 585 597 608 620 632 644 656 667 679 691 a2|-3,6 
369 703 714 726 738 750 || 761 773.785 797 808 4) 48 
DuleeOs0 
370 820 832 844 855 867 879 891 902 914-926 Qn 2722 
SY 937 949 961 972 984 996 *008 *019 *031 *043 7 | 8A 
372 | 57 054 066 O78 O89 101 113 124 136 148 159 8 | 9,6 
Sie 171 183 194 206 217 || 229 241 252 264 276 9' 10,8 
374 287 299.310 322 334 345 357 3868 380 392 : 
87D 403 415-426 438 449 || 461 473 484 496 507 
376 519 530 542 553 565 || 576° 588 600 611 623 
377 634 646 657 669 680 || 692 703-715 726 738 ee 
378 749 761 772 784 795 |} 807 818 830 841 852 d Welles Oa | 
379 864 875 887 898 910 |} 921 933 944 955 967 Q\-2o 
: By Sve & 
380 978 990 *001 *013 *024 || *035 *047 *058 *070 *081 4 | 4,4 
381 | 58 092 104 115 127 138 149 161 172 184 195 Be Oo 
382 206 218 229 240 252 || 268 274 286 297 309 6 | 6,6 
383 320 331 348. 354 365 || 377 388 399 410 422 Tod TRG 
384 433 444 456 467 478 |} 490 501 512 524 535 8 | 8,8 
385 546 557 569 580 591 602 614 625 636 647 9! 9,9 ~ 
386 659 670 681 692 704 || 715 726 737 749 760 
387 771 782 794 805 816 827 838 850 861 872 
388 883 894 906 917 928 || 989 950 961 973 984 
389 995 *006 *017 *028 *040 || *051 *062 *073 *084 *095 10 
1 A8 
390 | 59 106 118 129 140 151 162 173-184 195 207 2 1°2,0 
391 218 229-240 251 262 273 284 295 306 318 31-370 
392 329 340 351 362 873 || 384 395 406 417 428 4 | 4,0 
393 439 450 461 472 483 || 494 506 517 528 539 5. | 5,0 
394 450. 461-572 S583 594 605 616 627 638 649 6 | 6,0 
395 660 671 682 6938 704 || 715 726 737 748 759 oO 
396 770 780 791 802 813 824 835 846 857 868 8 | 8,0 
397 879 890 901 912 923 934 945 956 966 977 9° 9,0 
398 988 999 *010 *021 *032 || *043 *054 *065 *076 *086 
399 | 60 097 108 119 130 141 152 168 1738 184 198 
400 206 217 228 239 249 || 260 271 282 298 304 
N. 0 1 Da es 4 5 6 7 8 9 Proportional 
parts 


340 


61 


62 


63 


64 
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FIVE-PLACE LOGARITHMS (Continued) 


242 
346 


655 


859 


266 


- 367 


266 
365 


*002 
215 
821 


263 
366 


286 
387 


286 
385 


341 


Proportional 
parts — 
293 304 
401 ~412 
509 520 
617 627 
724 735 
831 842 
938 949 
*045 *055 11 
£1'512°162 x TEE gh 
257 268 2) 2,2 
; . 3 | 3,0 
363 374 4 | 4,4 
469 479 | 5,5 
574 584 6 | 6,6 
679 690 Ta Th 
“784 794 8 | 88 
888 899 9 | 9,9 
996 *003 
097 107 
2OL 21k 
304 315 
408 418 10 
Sliees2t js aliee WC) 
613. 624 mE 2,0 
716 726 Geer -3;0 
818 829 4 | 4,0 
921 931 5) 5,0 
*022 *033 6 | 6,0 
124 - 134 T&G 
225 236 8 | 8,0 
327 337 *9'| 9,0 
428 438 
528 538 
629 639 
729 739 
829 839 
929 939 9 
*028 *038 1 | 0,9 
128 137 2: | 1,8 
227 237 See 2a 
326 335 4 | 3,6 
5 | 4,6 
424 434 6 | 5,4 
B25 002 Fa | Ope 
G21 1631, 8 | 7,2 
719 729 9| 8,1 
816 826 
914 924 
*O11 *O2T 
108 118 
205 215 
3025-312 
398 408 
8 9 Proportional 
parts 
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FIVE-PLACE LOGARITHMS (Continued) 


N. 0 
450 | 65 321 
451 418 
452 514 
453 610 
454 706 
455 801 
456 896 
457 992 
458 | 66 087 
459 181 
460 276 
461 370 
462 464 
463 558 
464 652 
465 745 
466 839 
467 932 
468 | 67 025 
469 117 
470 210 
- 471 302 
472 394 
473 A486 
474 578 
475 669 
476 761 
477 852 
478 943 
479 | 68 034 
480 124 
481 215 
482 305 
483 395 
484 485 
485 574 
486 664 
487 753 
488 842 
489 931 
490 | 69 020 
491 108 
492 197 
493 285 
494 373 
495 461 
496 548 
497 636 
498 723 
499 810 
500 897 
N. 0 


*O11 
200 
295 


136 
228 


052 
142 


949 
037 


*039 
229 
323 


" 164 
256 


079 
169 


975 


064 
152 


854 
940 


ou 


342 


Proportional 
parts 


= 
c—] 


Sw 


~ 


ES 


OCOWONOOPWNe 


~ 


COON GOP Whe 


i) 


Sine a 


~ 


~~ oS 


~ 


OCONODoaARWNe 


~ 


CON MOP WINES 
RW POLO NOOO 


8 
1{ 0,8 
2 AO 
o | 2,4 
ala) oe 
5 | 4,0 
6 | 4,8 
TEN OAS 
8 | 6,4 
Ox 7,2 

Proportional 

parts 
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FIVE-PLACE LOGARITHMS (Continued) 


N. 0 
500 | 69 897 
501 984 
502 | 70 070 
503 E57 
504 243 
505 329 
506 415 
BOT 501 
508 586 
509 672 
510 757 
yeh 842 
We 927 
LS Ae el OL 
514 096 
515 181 
516 265 
517 349 
518 433 
519 517 
520 600 
LAM 684 
522 767 
§23 850 
524 933 
525 | 72 016 
526 099 
527 181 
528 263 
.§29 346 
530 428 
be 509 
532 591 
533 673 
534 754 
535 835 
536 916 
537 997 
538 | 73 078 
539 159 
540 239 
541 320 
542 400 
543 480 
544 560 
545 640 
546 719 
547 799 
548 878 
549 957 
550 | 74 036 

N. 0 


906 914 923 932 
992 *001 *010 *018 


088 
174 
260 
346 
432 
518 
603 
689 


096 
183 
269 
355 
441 
526 
612 
697 


105 
191 
278 
364 
449 
535 
621 
706 


940 949 958 966 975 


*027 *036 *044 *053 *062 
122 


114 


918 


997 *00 


209 
295 
381 
467 
552 
638 
723 


926 


140 
226 
312 
398 
484 
569 
655 
740 


933 941 
5 *013 *020 *028 


148 


076 084 092 099 107 


343 


Proportional 

parts 

9 
1] 0,9 
aes 
BI} ON 
4 | 3,6 
5 | 4,5 
(3 |) Bye! 
AOS. 
Ste2 
91! 8,1 
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FIVE-PLACE LOGARITHMS (Continued) 


— 


N. 0 1 2 3 4 is 6 7k 8 9 Proportional 

parts 

550 | 74 036 044 052 O60 068 || 076 084 092 099 107 

ool 1157 12k eqs le 480 Ae 155 162 170 178 186 

552 194 202 210 218 225 233 241 249 -257. 264 

553 273 280 288 296 304 $12:2320 S27 rasan 

554 351 359. 367° 374 382 390 398 406 414 421 

DOD 429 437 445 453 461,|| 468 476 484 492 500 

556 DO OLS O23 hee 1275389 547. 554-862 570-378 

557 586 593 601. 609 617 624 632 640 648 656 

558 663 671 679 687 695 702° 710 718 726 733 

559 141 749° %57 764--772 780 788 796°803 811 

560 819 827 834 842 850]] 858 865 873 881 889 8 

561 896 904 912 920 927 935 948 950 958 966 1] 0,8 

562 974 981 989 997 *005 || *012 *020 *028 *035 *043_ 23146 

563 | 75 051 059 066 074 O82 089 097 105 1138 120 23) 254 

564 128 SVaAGe Ta Sh eps b59 166 174 182 189 197 4 | 3,2 

565 205. 213° 220-228 .236°)) °248 251) 259. 266: 274 5 | 4,0 

566 282 289 297 305 312 $20. 328 335 -34ar 451 6 | 4,8 

567 358 366 874. 481-: 389 || 389% 404. 412-420 427 el Ord 

568 435 442 450 458 465]! 473 481 488 496 504 8 | 6,4 

569 511 519 826 534 542 549. 547-365. 872-580 9! 7,2 

570 587 595 603 610 618]|| 626 633 641 648 656 

ord 664 671 679 686 694/|| 702 709 717 724 732 

oie 740 747 755 762 770|| 778 785 793 800 808 

573 815 823 831 888 846]] 853 861 868 876 884 

574 _ 891 899 906 914 921 929 937 944 952 959 

Dio 967 974 982 989 997 || *005 *012 *020 *027 *035 

576 | 76 042 050 057 065 072)| 080 087 095 103 110 

vere 118. 125 183° 140 148 156 “168:-170° 5478-185 

578 193 200 208 215 223 230: 238 - 245 2523-260 

579 268 275 283 290 2981|} 305 313 320 328 38385 

580 343 350 358 3865 373)| 380 388 395 403 410 7 

581 418 425 4383 440 448|| 455 462 470 477 485 1 | 0,7 

582 492 500 507 515 522 530° (537d 952 = 459 2|-1,4 

583 567 574 582-589 597 604 612 619 626 634 ote ek 

584 641 649 656 664 671 678 686 693 701 708 4 | 2,8 

585 716 723 780 738 745]| 758 760 768 775 782 5 | 3,5 

586 790 797 .805 812 819 827 834 842 849 856 6 | 4,2 

587 864 871 879 886 893/| 901 908 916 923 930 7 | 4,9 

588 938 945 953 960 967 975 982 989 997 *004 Bai D6 

589 | 77 012 019 026 034. 041 048 056 063 O70 O78 9 | 6,3 

590 085 093 100 107 115 122° 129° 187 > 144 151 

591 159 166 173 181 188 195 203. 210: 217 225 

592 232 240 247 254 262 269 276 283 291 298 

593 305- 313: 320) 427° 335 1|--342) 349) 257. 864-871 

594 379 386 393 401 408|| 415 422 430 487 444 

595 452 459 466 474 481 488 495 503 510 517 

596 525 532 539 546 554/| 561 568 576 583 4590 

597 597 605 612 619 627 634 641 648 656 663 

598 670 677 685 692 699 706 714 721 728 785 

599 743 750 757 764 772\|| 779 786 793 801 808 

600 815 822 830 837 844 851 859 866 873 880 

N. 0 1 2 3 4 54.46 af 8 9 Proportional 
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600 | 77 815 822 830 
601 887 895 902 
602 960 967 974 
603 | 78 032 039 046 
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parts 


650 | 81 291 298 305 311 318 || 325 331 338 345 351 
651 358 365 371 378 385 || 391 398 405 411 418 
652 425 431 4388 445 451 || 458 465 471 478 485 
653 491 498 505 511 518)| 525 531 538 544 551 
654 558 564 571 578 584 || 491 598 604 611 617 
655 624 631 637 644 651:|| 657 664 671 677 684 
656 690 697 704 710 717 || 723 730 737 743 750 
657 757 763 770 776 783 || 790 796 803 809 816 
658 823 829 836 842 849 || 856 862 869 875 882 
659 889 895 902 908 915 || 921. 928 935 941 948 


660 954 961 968 974 981 987 994 *000 *007 *014 v4 
661 | 82 020 027 033 040 046 053 060 066 073 079 ay Osa 
662 086 092 099 105 112 19 teb2 5 el SP abso 74 Nees eet 
663 ita Ree Wetese ra GE alate al eges 184 191 197 204 210) ou} pill 
664 21 W225 2a 0eRZO Ome eo 249 256 263 269 276 4/28 
665 282 289 295 302 308 81528213285 3342041 a Sao 
666 34% 1304 SONS OaeolS 380 387 393 400 406 6 | 4,2 
667 413 419 426 482 4389 445 452 458 465 471 7 | 4,9 
668 478 484 491 497 504 510 P57 2523085302586 8 | 5,6 
669 543 549 556 562 569 575 582 588 595 601 9 | 6,3 
670 607 614 620 627 633 640 646 653-659 666 
671 672 679 685 692 698 (OD AT hl eid Saei2e (30 
672 late 1435 ado0mfooudO3s 769 776 782 789 795 
673 802 808 814 821 827 835 840 847 853 860 
674 866 872 879 885 892 1) 898 905 911 918 924 
675 930 937 943 950 956 963 969 975 982 988 
676 - 995 *001 *008 *014 *020 || *027 *033 *040 *046 *052 
677 |-83 059 065 072 O78 085 OOD 1097-0 S4 iO real. 
678 23 S29 eel 6 Vals eae 155-1615 168s 474- Sit 
679 187 193 200 206 213 219% 225-232 2288) 245 
680 25125204 ae Oe 6 283 289 296 302 308 6 
681 Silsy VA BParh B Bye SYN) 347 353 359 366 372 1 | 0,6 
682 378 385 391 398 404 410 417 423 429 436 PAA el bee 
683 442 448 455 461 467 474 480 487 493 499 34) 18 
684 906 582 5187525 531 Dot 204400500 NOOR IOOS 4 \ 2,4 
685 DOO OLD OSs VOSS ou 601 607 613 620 626 See) 
686 632 639 645 651 658 664 670 677 683 689 6 | 3,6 
687 696, 7025708 715 ret C2 MN 34 MAD) TAO ROS b AgD 
688 WOO LOD EMILE AHS Mahe. 790 797 803 809 816 8 | 4,8 
689 822 828 835 841 847 853 860 866 872 879 9 | 5,4 
690 885 891 897 904 910 916 923 929 935 942 
691 948 954 960 967 973 979 985 992 968 *004 
692 | 84 011 017 023 029 036 042 048 055 061 067 
693 073 O80 086 092 098 ROSS el ete 7a S eelOow 
694 136 142 148 1552161 167 173 180 186 192 
695 198205 20 S2i2223 230) 4236 242 F248 9255 
696 261 267 9273") 2280 2286. 292 32,98 W305 dala wold 
697 323 330 336 342 348 BOL aOOl BOT solo molo 
698 386 392 398 404 410 417 423 429 4385 442 
699 448 454 460 466 473 479 485 491 497 504 
se 

700 510 516 522 528 535 541 547 553 559 566 
N. 0 1 2 3 4 5 6 9% 8 9 Proportional 
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N. ) 1 9 3 4 5 6 7 9 Proportional 
parts 

750 | 87 506 512 518 523 529 || 535 541 547 552 558 

751 564 570 576 581 587 593 599 604 610 616 

752 622 628 633 639 645 || 651 656 662 668 674 

753 679 685 691 697 703 || 708 714 720 726 731 

754 737 7438 749 754 760 || 766 772 777 783 789 

755 795 800 806 812 818 || 823 829 8385 841 846 

756 852 858 864 869 875 881 887 892 898 904 

757 910 915 921 927 933 || 938 944 950 955 961 

758 967 973 978 984 990 996 *001 *007 *013 *018 

759 | 88 024 030 036 041 047 || 053 058 064 070 076 

760 O81 O87 093 O98 104 110 116 121 127 1383 6 

761 138 144 150 156 161 || 167 173 178 184 190 1] 0,6 

762 195 201 207 213 218 224 230 285 241 247 2} 1,2 

763 252 258 264 270 275 || 281 287 292 298 304 3°| 1,8 

764 309 316 321 826 332 338 348 349 355 360 4 | 2,4 

765 366 372 877 883 389 || 395 400 406 412 417 5 | 3,0 

766 423. 429 434 440 446 || 451 457 463 468 474 6 | 3,6 

767 480 485 491 497 502 || 508 513 519 525 530 7 | 4,2 

768 536 542 547 553 559 || 564 570 576 581 587 8 | 4,8 

769 593 598 604 610 615 || 621 627 632 638 643 9154 

770 649 655 660 666 672 || 677 683 689 694 700 

771 705 711 717 #722 728 || 734 739 745 750 756 

12 762 767 773 779 784 || 790 795 801 807 812 

773 818 824 829 835 840 || 846 852 857 863 868 

774 874 880 885 891 897 902 908 913 919 925 

775 930 936 941 947 953 {| 958 964 969 975 981 

776 986 992 997 *003 *009 || *014 *020 *025 *031 *037 

777 | 89 042 048 053 059 064 || 070 076 081 087 092 

778 098 104 109 115 120 || 126 131 137 143 148 

779 154 159 165 170 176 || 182 187 193 198 204 

780 209 215 221 226 232 || 287 248 248 254 260 5. 

781 265 271 276 282 287 || 298 298 3804 310 315 1] 0,5 

782 321 326 332 387 343 || 848 354 860 365 371 24 1,0 

783 376 382 387 393 398 || 404 409 415 421 426 3 1,5 

784 432 437 443 448 454 || 459 465 470 476 481 4 | 2,0 

785 487 492 498 504 509 || 515 520 526° 531 537 B29. 2 

786 542 548 553 559 564 |) 570 575 581 586 592 6 | 3,0 

787 597 603 609 614 620 || 625 631 636 642 647 Ct Spo. 4; 

788 653 658 664 669 675 || 680 686 691 697 702 8 | 4,0 

789 708 713 719 724 730 || 735 741 746 752 757 91 4,5 

790 763 768 774 779 785 || 790 796 801 807 812 

791 818 823 829 834 840 || 845 851 856 862 867 

792 873 878 883 889 894 || 900 905 911 916 922 

793 927 933 988 944 949 || 955 960 966 971 977 

794 982 988 993 998 *004 || *009 *015 *020 *026 *031 

795 | 90 037 042 048 053 059 || 064 069 075 O80 086 

796 091 097 102 108 113 || 119 124 129 1385 140 

797 146 151 157 162 168 |} 178 179 184 189 195 

798 200 206 21T 217 222 227 238 288 244 249 

799 255 260 266 271 276 || 282 287 293 298 304 

800 309 314 320 325 331 || 336 342 347 352 358 

"ING 0 1 2 3 4 5 6 iL 8 9 Proportional 
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N. 0 
850 | 92 942 
851 993 
852 | 93 044 
853 095 
854 146 
855 197 
856 247 
857 298 
858 349 
859 399 
860 450 
861 500 
862 551 
863 601 
864 651 
865 702 
866 752 
867 802 
868 852 
869 902 
870 952 
871 | 94 002 
872 052 
873 101 
874 151 
875 201 
876 250 
877 300 
878 | ~ 349 
879 399 
880 448 
881 498 
882 547 
883 596 
884 645 
885 694 
886 743 
887 792 
888 841 
889 890 
890 939 
891 988 
892 | 95 036 
893 085 
894 134 
895 182 
896 231 
897 279 
898 328 
899 376 
900 424 
N. i) 


947 952 957 962 
998 *003 *008 *013 


049 


054 
105 
156 
207 
258 
308 
359 
409 


059 
110 
161 
212 
263 
313 
364 
414 


465 
515 
566 
616 
666 
717 
767 
817 
867 
Sle 
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116 


414 
463 


905 
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*002 
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115 
166 
217 
268 
318 
369 
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571 
621 
671 
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172 
822 
872 


922 | 
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N. 0 1 2 3 7 8 9 
parts 
950 | 97 772 777 782 786 791)) 795 800 804 809 813 
951 818 8238 827 882 836]|| 841 845 850 855 859 
952 864 868 873 877 882]| 886 891 896 900 905 
953 909 914 918 923 928] 932 937 941 946 9650 
954 955 959 964 968 9731] 978 982 987 991 996 
955 | 98 000 005 009 014 019)]| 023 028 0382 O37 041 
956 046 050 055 059 064 || 068 0738 O78 082 087 
957 091 096-100 105 109}; 114 118 128 127 182 
958 137 141 °>146 150 155]| 159 164 168 173 177 
959 182 186 191 195 200)|| 204 209 214 218 223 
960 227 232 286 241 245:|| 250 254 259 263 268 5 
961 272 277 281 286 290]| 295 299 804 308 313 Eee i Oe) 
962 318 322 .327 331 336]| 340 345 349 3854 358 2] 1,0 
963 363 367 872 876 381 || 385 3890 394 399 403 3} 1,5 
964 408 412 417 421 426]| 430 435 489 444 448 4} 2,0, 
965 453 457 462 466 471]|| 475 480 484 489 493 5 | 2,5 
966 498 502 6507 511 516] 520 525 529 534 588 .6 | 3,0 
967 643 547 6552 556 561 {|| 565 570 574 579 6583 7 | 3,5 
968 588 592 597 601 605]; 610 614 619 623 628 8.| 4,0 
969 632 637 641 646 650]| 655 659 664 668 673 9 | 4,5 
970 677 682 686 691 695/|| 700 704 709 713 717 
971 722 726 781 785. 740]| 744 749 753 758 762 
972 767 771 776 780 7841|| 789 793 798 802. 807 
973 811 816 820 825 829]| 834 838 843 847 851 
974 856 860 865 869 874]|| 878 883 887 892 896 
975 900 905 909 914 918]| 928 927 932 936 941 
976 945 949 954 958 963]| 967 972 976 981 985 
977 989 994 998 «003 «007 || #012 +016 +021 *025 +029 
978 | 99 034 038 0438 047 052|| 056 061 065 069 074 
979 078 083 087 092 096]; 100 105 109 114 118 
980 123 127 181 186° 140|) 145 149 154 158 162 . 4 
981 167 171 176 180 185]| 189 198 198 202 207 1; 0,4 
982 211 216 220° 224.2291) 238 238 +242 247 251 21 0,8 
983 255 260 264 269 273]| 277 282 286 291 295 2 hae ba AL 
984 800 304 308 3813 317]|| 822. 3826 330 335 339 4} 1,6 
985 344 348 3852 857 361]| 366 370 374 3879 383 5 | 2,0 
986 388 392 396 401 405] 410 414 419 423 427 6 | 2,4 
987 432 4386 441 445 449|| 454 458 463 467 471 Wet 28 
988 476 480 484 489 493); 498 502 506 511 515 8 | 3,2 
989 520 524 528 583 6587 /]|| 542 546 550 555 559 91 3,6 
990 564 568 572 577 581/)]| 585 590 594 599 603 
991 607 612 616 621 625} 629 634 688 642 647 
992 651 656 660 664 669 /)|| 673 677 682 686 691 
993 695 699 704 708 712)|| 717-721 726 780 734 
994 739 743 747 752 7561) 760 765 769 774 778 
995 782 787 ° 791 795 800); 804 808 813 817 822 
996 826 830 8385 8389 843] 848 852 856 861 865 
997 870 874 878 883 887 || 891.896 900 904 909 
998 913 917 922 926. 930]) 9385 9389 944 948 952 
999 957 961 965° 970 974 || 978 988 987 991 996 
1000; 00 000 004 009 O13 O17 )| 022 026 030 035 039. 
N. 0 1 2 3 4 5 6 "4 8 9 Proportional 
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NATURAL OR NAPERIAN LOGARITHMS OF THE NUMBERS 
FROM 1 TO 1109 


To find the logarithm of a number which is yo or 10 times ete. a number 
whose logarithm is given, subtract from or add to the giyen logarithm the 
logarithm of 10. 

Thus log 1.6 = log 16 — log 10 
log 160 = log 16 + log 10 ete. 


N Log N Log N Log N Log N Log 
0 — 20 | 2.99 573 | 40 | 3. 68 888 | 60 | 4.09 434 | 80! 4. 38 203 
1+] 0.00000 | 21 | 3.04452 | 41 | 3. 71 357 61 4. 11 O87 81 | 4. 39 445 
2) 0.69815 | 22 | 3.09 104 | 42 | 3.73 767'| 62 | 4. 12 713 82 | 4. 40 672 
Sele Ooisis \.2o ae loa4og | 4a e..(G £20) 63.) 4. 14.313 ) 83 (4; 40 Sea 
4} 1. 38629 | 24 | 3.17 805 | 44 | 3. 78 419 | 64 | 4.15 888-| 84 | 4. 43 082 
5} 1. 60 944 | 25 | 3. 21 888 | 45 | 3: 80 666 | 65 | 4. 17 439 85 | 4. 44 265 
6 | 1.79176 | 26 | 3.25 810 | 46 | 3. 82 864 | 66 | 4. 18 965 86 | 4. 45 435 
7 | 1. 94 591 | 27 | 3. 29 584 | 47 | 3. 85015 | 67 | 4.20469) 87 | 4.46 591 
8 , 2.07 944 | 28 | 3. 8 220 | 48 | 3.87120 | 68 | 4. 21951 |. 88 | 4. 47 734 
9 | 2.19 722 | 29 | 3. 36 730 | 49 | 3. 89 182 | 69 | 4.23411] 89 | 4. 48 864 
10 | 2. 30 259 | 80 | 3.40 120 | 50 | 3. 91 202 | 70 | 4.24850! 90 | 4.49 981 
11 | 2. 39 790 |} 831 | 3. 43399 | 51 | 3.93 183 | 71 | 4.26268] 91 | 4.51 086 
12) 2. 48 491 | 32 | 3.46 574 | 52 | 3.95 124 | 72 |-4. 27 667 | 92 | 4.52179 
13 | 2. 56 495 | 33 | 3.49 651 | 53 | 3. 97 029 | 73 | 4. 29046 | 93 | 4. 53 260 
14 | 2. 63 906 | 34 | 3. 52 636 | 54 | 3. 98 898 | 74] 4.380407 | 94 | 4. 54 329 
1d | 2. 70 805 | 35 | 3. 55 535 | 55 | 4.00 738 | 75 | 4.31749) 95 | 4.55 388 
-6 | 2. 77 259 | 36 | 3. 58 352 | 56 | 4. 02 535 | 76 | 4.330738 | 96 | 4. 564385 
17 | 2. 83 321 | 37 |-3. 61 092 | 57 | 4. 04 305 | 77 | 4.34381 | 97 | 4.57471 
18 | 2. 89 037 | 38 | 3. 63 759 | 58 | 4.06 044 | 78 | 4. 35671 | 98 | 4. 58 497 
19 | 2. 94 444 | 39 | 3. 66 356 | 59 | 4. O07 754 | 79 | 4. 36 945 99 | 4. 59 512 
20 | 2. 99 573 | 40°| 3. 68 888 | 60 | 4. 09 434 | 80 | 4. 38 203 | 100 | 4. 60 517 
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N | Log 0 1 DD 3 4 5 6 7 8 9 
10 | 4.60517 1512 2497 3473 4439 5396 6344 7283 8213 9135 
11] 4.70048 0953 1850 2739 3620 4493 5359 6217 7068 7912 
12 8749 9579 *0402 *1218 *2028 | *2831 *3628 *4419 *5203 *5981 
13 | 4.86753 7520 8280 9035 9784 | *0527 *1265 *1998 *2725 #3447 
14] 4.94164 4876 5583 6284 6981 7673 8361 9043 9721 *0395 
15] 5.01064 1728 2388 3044 3695 4343 4986 5625 6260 6890 
16 7517 8140 8760 9375 9987 | *0595 *1199 *1799 *2396 *2990 
17 | 5.13580 4166 4749 5329 5906 6479 7048 7615 8178 8739 
18 9296 9850 *0401 *0949 *1494 | *2036 *2575 *3111 *3644 *4175 
19 | 5.2 4702 °5227 5750 6269 6786 | . 7300 7811 8320 8827 9330 
20 9832 *0330 *0827 *1321 *1812 | *2301 *2788 *3272 *3754 ¥*4233 
21]5.34711 5186 5659 6129 6598 7064 7528 7990 8450 8907 
22 9363 9816 *0268 *0717 *1165 | *1610 *2053 *2495 *2935 *3372 
23 | 5.43808 4242 4674 5104 5532 5959 6383 6806 7227 7646 
24 8064 8480 8894 9306 9717 | *0126 *0533 *0939 *1343 *1745 
25 1.5.5 2146 2545 2948 3339 3733 4126 4518 4908 5296 5683 
26 6068 6452 6834 7215 7595 7973 8350 8725 9099 9471 
27 9842 *0212 *0580 *0947 *1313 | *1677 *2040 *2402 *2762 *3121 
28 | 5.63479 3835 4191 4545 4897 5249 5599 5948 6296 6643 
29 6988 7332 7675 8027 8358 8698 9036 9373 9709 *0044 
30 | 5.70378 0711 1043 1373 1703 2031 2359 2685 3010 3334 
31 3657 3979 4300 4620 4939 5257 5574. 5890 6205 6519 
32 6832 7144 7455 7765 8074 8383 8690 8996 9301 9606 
33 9909 *0212 *0513 *0814 *1114 | *1413 *1711 *2008 *2305 *2600 — 
34 | 5.82895 3188 3481 3773 4064 4354 4644 4932 5220 5507 
35 5793 6079 6363 6647 6930 7212 \-T493° T7774: BOSS E8Sa2 
36 8610 8888 9164 9440 9715 9990 *0263 *0536 *0808 *1080 
37 15.9 1350 1620 1889 2158 2426 2693 2959 3225 3489 3754 
38 4017 -4280 4542 4803 5064 5324 5584 5842 6101 6358 
39 6615 6871 7126 7381 7635 7889 8141 8394 8645 8899 
40 9146 9396 9645 9894 *0141 | *0389 *0635 *0881 *1127 *1372 
41 |6.01616 1859 2102 2345 2587 2828 3069 3309, 3548 3787 
42 4025 4263 4501 4737 4973 5209 5444 5678 5912 6146 
43 6379 6611 6843 7074 7304 7535 7764 7993 8222 8450 
44 8677 8904 9131 9357 9582 9807 *0032 *0256 *0479 *0702 
45 |16.10925 1147 1368 1589 . 1810 2030 2249 2468 2687 2905 
46 3123 3340 3556 3773 3988 4204 4419 4633 4847 5060 
47 5273 5486 5698 5910 6121 6331 6542 6752 6961 7170 
48 7379 7587 7794. 8002 8208 8415 8621 8826 9032 9236 
49 9441 9644 9848 *0051 *0254 | *0456 *0658 *0859 *1060 *1261 
50 | 6.21461 1661 1860 2059 2258 2456 2654 2851 3048 3245 
51 3441 3637 3832 4028 4222 4417 4611 ° 4804 4998 5190 
52 5383 5575 5767 5958 6149 6340 6530 6720 6910 7099 
53 7288 7476 7664 7852 8040 8227 8413 8600 8786 8972 
54 9157 9342 9527 9711 9895 | *0079 *0262 *0445 *0628 *0810 
55 16.30992 1173 1355 1536 1716 1897. 2077-5 2257.- 2436 2615 
56 2794 2972 3150 3328 3505 3683 3859 4036 4212 4388 
57 4564 4739 4914 5089 5263 5487 5611 5784 5957 6130 
58 6303 6475 6647 6819 6990 7161 7332 7502 7673 7843 
59 8012 8182 8351 8519 8688 8856 9024 9192 9359 9526 
60 9693 9859 *0026 *0192 *0357 | *0523 *0688 *0853 *1017 *1182 
N | Log 0 Toe 2 3 4 5 ae 7 BIE 


354 


HANDBOOK OF CHEMISTRY AND PHYSICS 


NATURAL LOGARITHMS (Continued) 


pie we BF 4 Gee 7. Br tg 
60 | 6.3 9693 9859 *0026 *0192 *0357 | _*0523 *0688 *0853 *1017 *1182 
61 | 6.4 1346 1510 1673 1836 1999 2162 2325 2487 2649 2811 
62 2972 3133 3294. 3455 3615 3775 3935 4095 4254 4413 
63 4572 4731 4889 5047 5205 | 5362 5520 5677 5834 5990 
64 6147 6303 6459 6614 6770 | 6925 7080 7235 7389 7543 
65 7697 7851 8004 8158 8311 | 8464 8616 8768 8920 9072 
66 9224 9375 9527 9677 9828 9979 *0129 *0279 *0429 *0578 
67 | 6.50728 0877 1026 1175 1323 | 1471 1619 1767 1915 2062 
68 2209 2356 2503 2649 2796 | 2942 3088 3233 3379 3524 
69 3669 3814 3959 4103 4247 4391 4535 4679 4822 4965 
70 5108 5251 5393 5536 5678 5820 5962 6103 6244 _ 6386 
71 6526 6667 6808 6948 7088 7228 7368 7508 7647 7786 
72 7925 8064 8203 8341 8479 | 8617 8755 8893 9030 9167 
73 9304 9441 9578 9715 9851 | 9987 #0123 *0259 *0394 +0530 
74 | 6.60665 0800 0935 1070 1204 | 1338 1473 1607 1740 1874 
75 2007 2141 2274 2407 2539 | 2672 2804 2936 3068 3200 
76 3332 3463 3595 3726 3857 | 3988 4118 4249 4379 4509 
77 4639 4769 4898 5028 5157 | 5286 5415 5544 5673 5801 
78 5929 6058 6185 6313 6441 6568 6696 6823 6950 7077 
79 7203 7330. 7456 7582 7870 | 7834 7960 8085 8211 8336 
80 8461 8586 8711 8835 8960 | 9084 9208 9332 9456 9580 
81 9703 9827 9950 *0073 *0196 | *0319 *0441 *0564 *0686 *0808 
82 | 6.70930 1052 1174 1296 1417} 1538 1659 1780 1901 2022 
83 2143 2263 2383 2503 2623 | 2743 2863 2982. 3102 3221 
84 3340 3459 3578 3697 3815 | 3934 4052 4170 4288 4406 
85 4524 4641 4759 4876 4993 | 5110 5227 5344 5460 5577 
86 5693 5809 5926 6041 6157 | 6273 6388 6504 6619 6734 
87] 6849 6964 7079 7194 7308 | 7422 7537 7651 7765 7878 
88 7992 8106 8219 8333 8446 | 8559 8672 8784 8897 9010 
89 9122 9234 9347 9459 9571 9682 9794 9906 *0017 *0128 
90 | 6.80239 0351 0461 0572 0683 | 0793 0904 1014 1124 1235 
91 1344 1454 1564 1674 1783 | 1892 2002 2111 2220 2329 
92 2437 2546 2655 2763 2871 2979 3087 3195 3303 3411 
93 3518 3626 3733 3841 3948 | 4055 4162 4268 4375 4482 
94 4588 4694 4801 4907 5013 | 5118 5224 5330 5435 5541 
95 5646 5751 5857 5961 6066 | 6171 6276 6380 6485. 6589 
96] 6693 6797 6901 7005 7109 | 7213 7316 7420 7523 7626 
97 7730 7833 7936 8038 8141 | 8244 8346 8449 8551 8653 
98 8755 8857 8959 9061 9163 | 9264 9366 9467 9568 9669 
99 9770 9871 9972 *0073 *0174 | *0274 *0375 *0475 *0575 *0675 
100 | 6.9 0776 087- 0975 1075 1175 | 1274 1374 1473 1572 1672 
101 1771 1870 1968 2067 2166 2264 2363 2461 2560 2658 
102 2756 2854 2952 3049 3147 | 3245 3342 3440 3537 3634 
103 3731 3828 3925 4022 4119 | 4216 4312 4409 4505 4601 
104 4698 4794 4890 4986 5081 | 5177 5273 5368 5464 5559 
105 5655 5750 5845 5940 6035 6130 6224 6319 6414 6508 
106 6602 6697 6791 6885 6979 | 7073 7167 7261 7354 7448 
107 7541 7635 7728 7821 7915 | 8008 8101 8193 8286 8379 
108 8472 8564 8657 8749 8841 8934 9026 9118 9210 9302 
109 9393 9485 9577 9668 9760 | 9851 9942 *0033 *0125 *0216 
110 | 7.0 0307 0397 0488 0579 0670 | 0760 0851 0941 1031 1121 
N]|Log 0 1 Se ae SD eek Py I ee 
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Degrees. 


1° 00’ 


2° 00’ 


3° 00’ 


4° 00’ 


5° 00’ 


6° 00’ 


7° QQ’ 


8° 00’ 
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NATURAL SINES, COSINES, TANGENTS AND 


. 


COTANGENTS ~- 
Cos Tan. 
1.0000 0.0000 
1.0000 .0029 
1.0000 0058 
‘1.0000 . 0087 
.9999 .0116 
.9999 0145 
0.9998 GIA eco 
.9998 .0204 
9997 .0233 

9997 .0262 
.9996 ,0291 
.9995 .0320 
0.9994 0.0349 
.9993 .0378 
.9992 .0407 
.9990 0437 
.9989 .0466 
.9988 0495 
0.9986 0.0524 
.9985 0553 
9983 .0582 
.9981 .0612 
9980 0641 
9978 .0670 
0.9976 0.0699 
.9974 .0729 
9971 .0758 
9969 .O787 
.9967 .0816 
.9964 . 0846 
0.9962 0.0875 
.9959 . 0904. 
.9957 0934 
9954 .0963 
9951 .0992 
9948 pee O22 
0.9945 0.1051 
9942 . 1080 
9939 1110 
.9936 1139 
9932 1169 
9929 1198 
0.9925 0.1228 
.9922 iipaawe 
.9918 1287 
.9914 1317 
9911 1346 
.9907 2376 
0.9903 0.1405 
9899 71435 
9894 1465 
9890 .1495 
9886 1524 
.9881 .1554 
0.9877 0.1584 
Sin Cot 
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Cot. Degrees. 


0 90° 00’ 
343.77 50 
171.89 40 
114.59 30 
85.940 20 
68.750 10 
57.290 89° 00’ 
49.104 50 
42.964 40 
38.188 30 
34.368 20 
31.242 10 
28.636 88° 00’ 
26.432 50 
24.542 40 
22.904 30 
21.470 20 
20.206 10 
19.081 87° 00’ 
18.075 50 
17.169 40 
16.350 30 
15.605 20 
14.924 10 
14.301 86° 00’ 
ily G27 50 
13.197 40 
12.706 30 
120251 20 
11.826 10 
11.430 85° 00’ 
11.059 50 
10.712 40 
10.385 30 
10.078 20 

9.7882 10 
9.5144 84° 00’ 
9.2553 50 
9.0098 40 
8.7769 30 
3.0900 20 
8.3450° 10 
8.1443 83° 00’ 
7.9530 50 
7.7704 40 
7.5958 30 
7.4287 20 
7.2687 10 
7.1154 82° 00’ 
6.9682 ; 50 
6.8269 40 
6.6912 30 
6.5606 20 
6.4348 10 
6.3138 812002 
Tan. Degrees. 
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. NATURAL SINES, COSINES, TANGENTS AND 
COTANGENTS (Continued) 


Degrees. Sin. Cos. Tan. Cot. Degrees. 
9° QO’ 0.1564 0.9877 0.1584 


6.3138 | 81° 00° 

10 1593 9872 1614 | 6.1970 50 

. 20 11622 -9868 (1644. | 6.0844 40 
30 :1650 9863 | ° .1673 | 5.9758 30 

40 :1679 (9858 1703 | 5.8708 20 

50 .1708 9853 1733 .| 5.7694 10 

10° 00/ 0.1736 | 0.9848 | 0.1763 5.6713 | 80° 00 
10 11765 9843 |, .1793 | 5.5764 50 

20 1794 :9838 1823 | 5.4845 40 

30 11822 :9833 .1853 | 5.3055 30 

40 11851 9827 1883 | 5.3093 20 

50 1880 | ° .9822 (1914 | 5.2257 10 

11° 00’ 0.1908 | 0.9816 | 0.1944 5.1446 | 79° 00’ 
10 :1937 9811 1974 5.0658 50 

20 11965 “9805 2004 | 4.9894 40 

30 -1994 -9799 12035 | 4.9152 30 

40 2022 :9793 2065 | 4.8430 20 

50 ,2051 ‘9787 2095 7729 10 

12° 00’ 0.2079 | 0.9781 0.2126 | 4.7046 | 78° 00 
10 -2108 :9775 2156 | 4.6382 50 

20 2136 -9769- 2186 | 4.5736 40 

30 2164 19763 2217 | 4.5107 30 

Fa ae :2193 9757 12247 | 4.4494 20 
50 12221 .9750 2278 | 4.3897 10 

13° 00! 0.2250] 0.9744 | 0.2309 | 4.3315 | 77° 00’ 
10 2278 9737 2339 | 4.2747 50 

20 2306 9730 2370 | 4.2193 40 

30 12334 19724 2401 | 4.1653 30 

40 12363 :9717 2432 | 4.1126 20 

50 . 2391 .9710 12462 | 4.0611 10 

14° 00! 0.2419 | 0.9703 | 0.2493 | 4.0108 | 76° 00’ 
10 12447 9696 2524 | 3.9617 50 

20 2476 :9689 12555 | 3.9136 40 

30 2504 :9681 2586 | 8.8667 30 

40 2532 19674 72617 | 3.8208 20 

50 - 2560 9667 2648 | 3.7760 10 

15° 00’ 0.2588 | 0.9659 | 0.2679 3.7321 75° 00’ 
10 :2616 9652 9711 3.6891 50 

20 2644 9644 2742 | 3.6470 40 

30 2672 -9636 2773 | 3.6059 30 

40 2700 :9628 2805 | 3.5656 20 

Pepe 50 2728 9621 2836 | 3.5261 10 
16° 00! 0.2756 | 0.9613 | 0.2867 | 3.4874 | 74° 00’ 
10 2784 :9605 2899 3.4495 50 

20 2812 9596 2931 3.4124 40 

30 2840 9588 2962 | 3.3759 30 

40 286 -9580 2994 | 3.3402 20 

50 2896 9572 3026 | 3.3052 10 

17° 00’ 0.2924 | 0.9563 | 0.3057 | 3.2709 | 78° 00° 
10 2952 9555 | , .3089 3.2371 50 

20 2979 9546 3121 3.2041 40 

30 3007 9537 3153. |. 8.1716 30 

40 3035 :9528 3185 | 3.1397 20 

50 3062 .9520 .3217 | 3.1084 10 

18° 00’ 9.3090 | 0.9511 0.3249. | 8.0777 | 72° 00° 


Degrees. Cos. Sin. Cot. Tan. . Degrees. 
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NATURAL SINES, COSINES, TANGENTS AND 
COTANGENTS (Continued) 


Degrees. Sin. Cos. Tan. Cot. Degrees. 
18° 00’ 0.3090 0.9511 0.3249 3.0777 72° 00" 
10 sold . 9502 3281 3.0475 50 

20 38145 9492 3314 3.0178 40 

30 3173 .9483 . 3346 2.9887 30 

40 Ars y740)) ie 9474 3378 2.9600 - 20 

50 3228 .9465 . 3411 2.9319 10 

19° 00’ 0.3256 0.9455 0.3443 2.9042 12-007 
10 3283 .9446 3476 2.8770 50 

20 doll 9436 3508 2.8502 40 

30 . 3338 9426 3641 2.8239 30 

40 - 3365 9417 3574 2.7980 20 

50 38393 9407 . 3607 221120 10 
2O200% 0.3420 0.9397 0.3640 2.7475 70° 00’ 

; 10 3448 9387 3673 AetaLe . 50 

20 38475 9377 . 3706 2.6985 40 

30 » .8002 .9367 3739 2.6746 30 

40 3529 9356 31712 2.6511 20 

- 50 .3557 9346 8805 |- 2.6279 10 
PAE MOO 0.3584 0.9336 0.3839 2.6051 .69° 00’ 

10 3611 93825 3872 2.5826 50 

20 3638 9315 . 3906 2.5605 40 
30 38665 . 9304 . 3939 2.5386 30 

40 . 38692 .9293 3973 20172 20 

50 .3719 .9283 - 4006 2.4960 10 
222.00! 0.3746 0.9272 0.4040 2.4751 68° 00’ 

10 3113 9261 4074 2.4545 50 

20 . 3800 .9250 4108 2.4342 40 

30 3827 -9239 4142 2.4142 30 

40, 3854 9228 .4176 2.3945 20 

50 ' , 3881 .9216 .4210 2.3750 10 
23°" 00! 0.3907 0.9205 0.4245 2.3559 67° 00’ 

10 3934 -9194 4279 2.3369 50 

20 3961 .9182 4314 2.3183 : 40 

30 3987 9171 4348 2.2998 30 

40 4014 .9159 4383 2:2817. 20 

50 -4041 9147 4417 2.2637 10 

24° 00’ 0.4067 © 0.9135 0.4452 2.2460 66° 00’ 
10 4094 .9124 4487 2.2286 50 
200: -4120 ~ .9112 4522 252113 40 

30 .4147 .9100 4557 2.1943 30 

40 4173 9088 -4592 2.1475 20 

50 -4200 “ Ve90F5 4628 2.1609 10 
25200 0.4226 0.9063 0.4663 2.1445 65° 00’ 
10 4253 9051 . 4699 2.1283 50 

20 4279 9038 4734 pes il Oi) 40 

30 .4305 .9026 4770 2.0965 30 

40 4331 9013 - 4806 2.0809 20 

50 4358 . 9001 .4841_ | 2.0655 10 

26° 00% 0.4384 0.8988 0.4877 2.0503 64° 00’ 
10 .4410 8975 4913 2.0353 50 

20 -4436 . 8962 4950 2.0204 40 

30 .4462 8949 4986 2.0057 30 

40 4488 8936 9022 1.9912 20 

50 4514 . 8923 . 9059 1.9768 10 
27700" 0.4540 0.8910 0.5095 1.9626 63° 00’ 
Degrees. Cos. Sin. Cot. Tan. Degrees. 
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NATURAL SINES, COSINES, TANGENTS AND 
COTANGENTS (Continued) 


Degrees. Sin. Cos. Tan, Cot. Degrees. 
27° 00 0.4540 0.8910 0.5095 1.9626 62-007 
10 .4566 . 8897 «0132 1.9486 50 
20 4592 . 8884 . 5169 1.9347 40 
30 .4617 , 8870 . 5206 1.9210 30 
40 4643 8857 . 5243 1.9074 20 
50 .4669 . 8843 . 5280 1.8940 10 
28° 00’ 0.4695 0.8829 One 8 je dS SOE 62° 00’ 
10 .4720 . 8816 03804 1.8676 50 
20 .4746 . 8802 53892 1.8546 40 
30 4772 . 8788 . 5430 1.8418 30 
40 4797 8774 . 5467 1.8291 20 
50 4823 . 8760 .5505 1.8165 10 
29° 00’ 0.4848 0.8746 0.5543 1.8040 61° 00’ 
10 .4874 8732 .5581 1917 50 
20 4899 .8718 . 5619 1.7796 40 
30 4924 . 8704 5658 P7675 30 
40 .4950 . 8689 . 9696 be 7o006 20 
50 4975 . 8675 59739 1.7437 10 
3025007 0.5000 0.8660 0.5774 1h fe2al 60° 00’ 
10 9025 . 8646 . 5812 1.7205 50 
20 . 5050 . 8631 0851 1.7090 40 
30 .5075 . 8616 . 5890 1.6977 30 
40 .59100 . 8601 .5930 1.6864 20 
: 50 6125 8587 . 5969 1.6753 10 
31°00! 0.5150 0.8572 0.6009 1.6643 59° 00’ 
10 9175 .8557 .6048 1.6534 50 
20 . 5200 8542 .6088 1.6426 40 
30° PAS, 8526 .6128 1.6319 30 
40 .9250 ISolt .6168 1.6212 20 
50 5275 .8496 .6208 1.6107 10 
ee OO: 0.5299 0.8480 0.6249 1.6003 58° 00’ 
10 . 5324 8465 6289 1.5900 50 
20> .5348 . 8450 . 6330 1.5798 40 
30 .0373 8434 nOo Cl 1.5697 30 
40 . 5398 .8418 6412 1.5597 20 
50 5422 8403 6453 1.5497 10 
_ 33° 00’ 0.5446 0.8387 0.6494 1.5399 57° 00’ 
10 5471 . 8371 6536 1.5301 50 
20 .5495 8355 BOODLE 1.5204 40 
30 5519 . 8339 . 6619 1.5108 30 
ee . 5544 . 83238 . 6661 1.5013 20 
50 0568 . 8307 .6703 1.4919 10 
34° 00’ 0.5592 0.8290 0.6745 1.482 56° 00’ 
10 .5616 8274 . 6787 1.4733 50 
20 . 5640 8258 . 6830 1.4641 40 
30  . 9664 . 8241 . 6873 1.4550 30 
40 . 5688 8225 .6916 1.4460 20 
50 6712 . 8208 6959 1.4370 10 
35° 00’ 0.5736 0.8192 0.7002 1.4281 55° 00’ 
10 . 5760 .8175 . 7046 1.4193 50 
20 .5783 .8158 . 7089 1.4106 40 
30 r ,.9807 8141 41383 1.4019 30 
40 5831 8124 Sy ware 1.3934 20 
50 5854 8107 eto 1.8848 10 
1.3764 54° 00’ 


36° 00’ 0.5878 0.8090 0:7265 


——— 


Degrees. Cos. Sin. Cot. Tan. Degrees. 


oe 
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NATURAL SINES, COSINES, TANGENTS AND 
TANGENTS (Continued) 


Degrees. 


37° ON’ 


38° 00’ 


39° 00’ 


40° 00’ 


41° 00’ 


42° 00’ 


43° 00’ 


44° QU’ 


45° 00’ 


Degrees. 
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Cos. Tan. 
0.8090 0.7265 
8073 .7310 
. 8056 TODO 
. 8039 . 7400 
8021 . 7445 
. 8004. . 7490 
. 7986 $7530 
. 7969 .7581 
my Aone he PHE 
. 7934 7673 
.7916 .7720 
. 7898 . 7766 
0.7880 0.7813 
. 7862 . 7860 
. 7844 . 7907 
.7826 7954 
. 7808 . 8002 
.7790 . 8050 
O77. 0.8098 
cei bi hes .8146 
fh AHS) .8195 
LLL . 8243 
. 7698 . 8292 
. 7679 . 8342 
0.7660 0.8391 
. 7642 . 8441 
ihe PAS} 8491 
. 7604 8541 
~L050 . 8591 
. 7566 . 8642 
0.7547 0.8693 
. 7528 8744 
7509 . 8796 
. 7490 . 8847 
. 7470 . 8899 
(461 . 8952 
0.7431 0.9004 
7412 .9057 
1392 9110 
Bi ABS 9163 
Bo fexy 933 O17 
1388 9271 
0.7314 0.9325 
.7294 .9380 
7274 9435 
LL 2O4 .9490 
7234 .9545 
5 (fal th .9601 
0.7193 0.9657 
yb llr tees .9713 
.7163 .9770 
EO .9827 
Belek. 9884 
+ 4092 9942 
0.7071 1.0000 
Sin. Cot 
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OO 


Degrees. 


49° 


“48° 


47° 


46° 


45° 00’ 


Degrees, - 
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LOGARITHMS OF THE TRIGONOMETRICAL FUNCTIONS 


Degrees. 


tages 20 


2° 00’ 


3° 00’ 


4° 00’ 


5° 00’ 


6° 00% 


7-00" 


8° 00’ 


Degrees. 


Log sin 


ed) 
7.4637 
. 7648 
.9408 
8.0658 
. L627 


8.2419 
, 8088 
. 3668 
-4179 
.4637 
.5050 


8.5428 
.5776 
. 6097 


ODO 


. 6677 
. 6940 


8.7188 
. 7423 
.7645 
~ 1857 
. 8059 
. 8251 


8. 8436 
. 8613 
. 8783 
. 8946 
.9104 
.9256 


8.9403 
.9545 
. 9682 
.9816 
9945 

9.0070 


9.0192 
.O311 
. 0426 
. 0539 
*.0648 
.0755 


9.0859 
.0961 
. 1060 
.1157 
.1252 
. 1345 


9.1436 
.1525 
.1612 
. 1697 
.1781 
. 1863 


9.1943 


Log cos 


Log cos 


0.0000 — 


.0000 
. 0000 
. 0000 
.0000 
. 0000 


9.9999 
9999 
9999 
9999 
-9998 
9998 


9.9997 
SSE 
.9996 
.9996 
.9995 
puoUS 


9.9994 
.9993 
.9993 
.9992 
oo 
. 9990 


JE UIGO 
.9989 
. 9988 
BIS 
. 9986 
. 9985 


9.9983 
. 9982 
ietel 
. 9980 
By) 
mic seat etd 


9, 9916 
9975 
.9973 


i Ne 
. 7648 
. 9409 

0658 . 
.1627 

8. 
. 3089 
. 3669 
-4181 
-4638 
- 9053 


.5431 
5779 
- 6101 
. 6401 
. 6682 
. 6945 


.7194 
. 7429 
. 7652 
. 7865 
. 8067 
8261 


. 8446 
. 8624 
.8795 
. 8960 
TOLLS 
.9272 


. 9420 
. 9563 
AAO 
. 9836 
. 9966 
. 0093 


.0216 
.0336 
. 0453 
.0567 
.0678 
. 0786 


. 0891 
.0995 
. 1096 
. 1194 
.1291 
. 1385 


. 1478 
. 1569 
. 1658 
.1745 
.1831 
SLOUS 


9. 


8. 


Log tan 


0 
4637 


2419 


1997 


Log cot 


Log cot 


me 
2.5363 

. 2352 

.0591 


Degrees. 


90° 00’ 


89° 00’ 


88° 00’ 


87° G0” 


86° 00’ 


85° 00’ 


84° 00/ 


83° 00’ 


82° 00’ 


81° 00” 


a 


Degrees. 
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LOPE ino OF THE TRIGONOMETRICAL FUNCTIONS 


(Continued) 
Degrees. Log sin Log cos Log tan Log cot Degrees. 
92500" 9.1943 9.9946 DOs 0.8003 "81° 00’ 
10 - 2022 9944 . 2078 1922 50 
20 -2100 .9942 .2158 - 1842 40 
30 .2176 -9940 . 2236 . 7764 30 
40 2251 .9938 2313 . 7687 20 
50 . 2324 . 9936 . 2389 .7611 10 
10° 00’ 9.207 9.9934 9.2463 0.7537 80° 00’ 
10 . 2468 . -9931 . 2536 . 7464 50 
20 . 2538 .9929 . 2609 7391 40 
30 . 2606 SPATE . 2680 1320 30 
40° . 2674 .9924 2750 . 7250 20 
50 . 2740 . 9922 2819 af 181 10 
T1°.500" 9.2806 9.9919 9. 2887 0.7113 79° 00’ 
10 . 2870 HOOLs - 2953 . 7047 50 
20 . 2934 .9914 . 38020 . 6980 3 40 
30 2997 al . 9085 .6915 30 
40 .3058 . 9909 .3149 . 6851 20 
50 .38119 .9907 .3212 .6788 10 
1220.00" 9.3179 9.9904 9.3275 0.6725 78° 00’ 
10 - 3238 BOO .3336 . 6664 * 50 
20 . 3296 . 9899 . 3397 . 6603 40 
30 ~ 38353 . 9896 0458 . 6542 30 
40 .3410 9893 so0le 15 326483 20 
50 . 3466 . 9890 .3576 6424 10 
13° 00’ |.. 9.3521 9.9887 9.3634 0.6366 17.0" 
10 .38575 . 9984 . 3691 . 6309 50 
20 . 3629 - 9881 3748 - . 6252 40 
30 . 3682 . 9878 . 3804 .6196 30 
40 3734 -9875 . 3859 .6141 20 
50 -3786 . 9872 3914 - 6086 ~ 10 
14° 00’ 9.3837 9.9869 9.3968 0.6032 76° 00 
10 . 3887 . 9866 .4021 .5979 50 
20 . 8937 .9863 .4074 .5926 40 
30 . 3986 . 9859 , 4127 HM eOsls 30 
40 -4035 - 9856 .4178 . 5822 20 
: 50 . 4083 . 9853 . 4230 .5770 10 
15° 00’ 9.4130 9.9849 }+ 9.4281 0.5719 75° 00’ 
10 4177 - 9846 .4331 . 5669 50 
20 .4223 . 9843 .4381 . 5619 40 
30 .4269 . 9839 -4430 .5570 30 
40 .4314 - 9836 .4479 .9521 20 
50 .4359 . 9832 4527 . 5473 10 
16° 00’ 9.4403 9.9828 9.4575 0.5425 74° 00’ 
10 .4447 -9825 .4622 .5378 50 
20 -4491 Seer! . 4669 .5331 40 
30 .4533 BOS LV, .4716 . 5284 30 
40 .4576 .9814 .4762 . 5238 20 
50 .4618 .9810 .4808 . 5192 10 
17° QO" 9.4659 9.9806 9.4853 0.5147 73° 00’ 
10 .4700 . 9802 .4898 .5102 50 
20 4741 -9798 .4943 | . 5057 40 
30 .4781 .9794 .4987 .5013 _30 
40 .4821 .9790 . 5031 .4969 20 
50 .4861 . 9786 5075 .4925 10 


18° 00’ 9.4900 9.9782 |. 9.5118 0.4882 227500" 


Degrees. Log cos Log sin Log cot | Log tan Degrees. 
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(Continued) 
Degrees. Log sin Log cos Log tan Log cot Degrees. 
18° 00’ 9.4900 9.9782 9.5118. 0.4882 42 00% 
10 4939 .9778 .5161 .4839 50 
20 4977 9774 .5203 4797 40 
sO .5015 .9770 6245 A755 30 
40 . 5052 .9765 5 GP EHl -4713 20 
50 . 5090 9761 . 5329 .4671 10 
19° 00’ 9.5126 SV aay 4 9.5370 0.4630 Ce, OO! 
10 .5163 79752 SL AL I: .4589 50 
20 .5199 9748 .5451 .4549 40 
30 P-BIT 9743 5491 .4509 30 
40 75270 .9739 Pope t .4469 20 
50 . 5306 .9734 5571 .4429 10 
20° 00’ 9.5341 9.9730 9.5611 0.4389 70° 00’ 
10 .5375 .9725 . 5650 -4350 50 
20 . 5409 .9721 . 5689 .4311 40 
30 . 5443 .9716 YORE .4273 30 
40 5477 9711 . 5766 .4234 20 
50 .5510 9706 . 5804 .4196 10 
21° 007 9.5543 9.9702 9.5842 0.4158 69° 00’ 
10 .5576 9697 .5879 A 50 
20 . 5609 9692 .5917 .4083 40 
30 . 5641 9687 .5954 .4046 30 
40 . 5673 . 9682 .5991 .4009 20 
50 .5704 9677 .6028 .38972 10 
22° 00’ 9.5736 9.9672 9.6064 0.3936 68° 00’ 
10 -, 5767 .9667 .6100 .3900 50 
20 .5798 .9661 . 6136 . 3864 40 
30 . 5828 . 9656 10172 . 3828 30 
40 . 5859 .9651 6208 - -3192 20 
50 . 5889 .9646 . 6243 38757 10 
232-00! 9.5919 9.9640 9.6279 0.3721 672-607 
10 .5948 .9635 .6314 . 3686 50 
20 .5978 9629 . 6348 . 3652 40 
30 . 6007 9624 . 6383 B36 17 30 
40 . 6036 .9618 .6417 .3583 20 
50 .6065 .9613 .6452 3048 10 
24° 00’ 9.6093 9.9607 9.6486 0.3514 66° 00’ 
10 .6121 9602 . 6520 . 3480 50 
20 .6149 9596 .6553 3447 40 
30 .6177 9590 . 6587 . 3413 30 
40 .6205 9584 . 6620 .3380 20 
50 .6232 9579 . 6654 . 3346 10 
25° 00! 9.6259 9.9573 9.6687 ORB ots 65° 00’ 
10 . 6286 9567 .6720 . 3280 50 
20 .6313 9561 6752 . 38248 40 
30 . 6340 9555 6785 VALS 30 
40 . 6366 9549 . 6817 .3183 20 
50 . 6392 .9543 . 6850 .3150 10 
26° 00’ 9.6418 9.9537 9.6882 0.3118 64° 00’ 
10 6444 9530 .6914 . 38086 50 
20 6470 .9524 .6946 . 3054 40 
30 6495 9518 .6977 . 3023 30 
40 .6521 .9512 . 7009 . 2991 20 
50 6546 9505 .7040 . 2960 LO 
27°: 00/ 9.6570 9.9499 9.7072 0.2928 63° 00’ 
Degrees. | Log cos Log sin Log cot Log tan Degrees. 
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(Continued) 
Degrees. Log sin Log cos Log tan Log cot |° Degrees. 
27° 00’ 9.6570 9.9499 9.7072 0.2928 63° 00’ 
10 6595 .9492 .7103 . 2897 50 
20 . 6620 .9486 .7134 . 2866 40 
30 6644 .9479 .7165 . 2835 30 
40 . 6668 .9473 .7196 . 2804 20 
50 . 6692 9466 .7226 .2774 10 
28° 00! 9.6716 9.9459 9.7257 0.2743 62° 00’ 
10 .6740 8453 . 7287 .2713 50 
20 .6763 .9446 Ei 2683 40 
30 .6787 -9439 . . 7348 2652 30 
40 .6810 9432 .7378 2622 20 
50 6833 .9425 . 7408 . 2592 10 
29° 00’ | 9.6856 9.9418 9.7438 0.2562 61° 00 
10 .6878 9411 . 7467 2533 50 
20 .6901 9404 /7497 . 2503 40 
30 .6923 .9397 .7526 . 2474 30 
40 .6946 .9390 . 7556 2444 20 
50 .6968 .9383 .7585 . 2415 10 
30° 00’ 9.6990 9.9375 9.7614 0.2386 60° 00’ 
10 .7012 .9368 . 7644 . 2356 50 
20 .7033 .9361 .7673 sBe07 40 
30 .7055 .9353 .7701 . 2299 30 
40 .7076 .9346 .7730 2270 20 
50 . 7097 .9338 .7759 .2241 10 
31° 00’ 9.7118 9.9331 9.7788 0.2212 59° 00’ 
10 .7139 .9323 . 7816 2184 50 
20 .7160 .9315 . 7845 .2155 40 
30 .7181 .9308 . 7873 2127 30 
40 POO = b SeRD0 . 7902 . 2098 20 
50 27222 . 9292 . 7930 . 2070 10 
32° 00’ 9.7242 9.9284 9.7958 0.2042 58° 00! 
10 . 7262 .9276 .7986 . 2014 50 
20 . 7282 .9268 .8014 .1986 40 
30 . 7302 . 9260 . 8042 .1958 30 
40 . 7322 9252 . 8070 .1930 20 
50 . 7342 .9244 . 8097 .1903 10 
33° 00 9.7361 9.9236 9.8125 0.1875 57° 00’ 
10 . 7380 .9228 .8153 .1847 50 
20 . 7400 .9219 .8180 .1820 40 
30 . 7419 (O21% 8208 .1792 30 
40 . 7438 .9203 .8235 .1765 20 
50 7457 .9194 . 8263 1737 10 
34° 00’ 9.7476 9.9186 9.8290 0.1710 56° 00’ 
10 . 7494 9177 .8317 . 1683 50 
20 .7513 .9169 8344 .1656 40 
30 F531 9160. - | =,8371 . 1629 30 
40 . 7550 .9151 .8398 . 1602 20 
50 . 7568 .9142 8425 .1575 10 
35° 00’ 9.7586 9.9134 9.8452 0.1548 55° 00’ 
10 . 7604 .9125 . 8479 .1521 50 
20 . 7622 .9116 . 8506 . 1494 40 
30 .7640 .9107 .8533 . 1467 30 
40 8657 . 9098 .8559 .1441 20 
- 50 . 7675 . 9089 . 8586 .1414 10 
36° 00’ 9.7692 9.9080 9.8613 0.1387 54° 00’ 


Degrees. Log cos Log sin Log cot Logtan | Degrees. 
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Degrees. 


36° 00’ 
1 


37° 00’ 


38° 00’ 


39° 00’ 


40° 00’ 


41° 00’ 


43° 00’ 


44° 00’ 


45° 00’ 


Degrees. 


(Continued) 
Log sin Log cos Log tan Log cot Degrees. 
9.7692 9.9080 9.8613 0.1387 54°, 00’ 
tT 10 .9079 . 8639 Loon 50 
sw AME .9061 . 8666 oo 40 
7744 ~9052 8692 . 1308 30 
NLT OL .9042 .8718 21282 20 
1778 9033 8745 P1255 10 
9.7795 9.9023 9.8771 0.1229 53° 90’ 
7811 .9014 8797 . 1203 50 
. 7828 . 9004 . 8824 .1176 40 
. 7844 .8995 . 8850 41150 30 
7861 .8985 . 8876 .1124 20 
7877 8975 . 8902 .1098 10 
9.7893 9.8965 9.8928 0.1072 52° 00’ 
.7910 .8955 8954 . 1046 50 
. 7926 8945 . 8980 .1020 40 
7941 .8935 . 9006 .0994 30 
OO .8925 .9032 .0968 20 
1973 .8915 .9058 .0942 10 
9.7989 9.8905 9.9084 0.0916 51° 00’ 
. 8004 8895 .9110 .0890 50 
. 8020 . 8884 9135 .0865 40 
8035 . 8874 .9161 .0839 30 
. 8050 . 8864 .9187 .0813 20° 
. 8066 . 8853 .9212 .0788 10 
9.8081 9.8843 9.9238 0.0762 50°60" 
.8096 . 8832 . 9264 0736 50 
8111 . 8821 . 9289 .O711 40 
HOLD .8810 .9315 0685 30 
.8140 . 8800 .9341 .0659 20 
HOLoD .8789 9366 0634 10 
9.8169 9.8778 9.9392 0.0608 49° 00’ 
. 8184 .8767 .9417 . 0583 50 
.8198 8756 . 9443 0557 40 
.8213 .8745 .9468 0532 30 
. 8227 8733 . 9494 . 0506 20 
8241 8722 9519 0481 10 
9.8255 9.8711 9.9544 0.0456 48° 00’ 
.8269 . 8699 .9570 .0430 50 
. 8283 . 8688 .9595 0405 40 
.8297 . 8676 .9621 .0379 30 
.8311 . 8665 .9646 0354 20 
. 8324 8653 .9671 0329 10 
9.8338 9.8641 9.9697 0.0303 47° 00’ 
8351 . 8629 9722 .0278 50 
. 8365 .8618 9747 .0253 40 
8378 . 8606 9773 . 0228 30 
.8391 8594 .9798 .0202 20 
8405 . 8582 .9823 JOLT 10 
9.8418 9.8569 9.9848 0.0152 46° 00’ 
8431 Msi ar 6 9874 .0126 50 
8444 . 8545 9899 .0101 40 
. 8457 9002 9927 .0076 30 
. 8469 . 8520 .9949 0051 20 
8482 . 8507 9975 .0025 10 
9.8495 9.8495 0.0000 0.0000 45° 00’ 
Log cos Log sin Log cot Log tan Degrees. 
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REcCIPROCALS, PowERS AND Roots or NUMBERS, Cte ierearae AND 
AREAS OF Gancais 


fe ee Circum. Area of 
n WAPOA 2 ape n3 Vn Vn of circle circle 
mn tn? 
ee 1 | Lig cd 1. 3.14 0.79 
2 50000 4 8 | 1.414 | 1.260 6.28 - 3.14 
3 33333 9 27 | 1.732 | 1.442 9.42 7.07 
4 25000 16 64.| 2.000 | 1.587 12.57 12.6 
5 20000 25 125. | 2.236 4 1-710 - 15-71 19.6 
6 16667 36 216 | 2.449 | 1.817 18.85 28.3 
7f 14286 49 343 | 2.646 |} 1.913 21.99 38.5 
8 12500 64 512.) 2.828 | 2.000 25.13 50.3 
9 11111 81 729 | 3.000 | 2.080 28.27 63.6 
10 10000 100 1000 | 3.162 | 2.154 31.42 78.5 
11 09091 121 USSlaleSe Olio 34.56 95.0 
12 08333 144 1728 | 3.464 | 2.289 37.70 STs 
13 07692 169 2 1OVes| @o 2600 52201. 40.84 132.7 
14 07143 196 Di 44d 42 e224 0 43.98 153.9 
15 06667 225 3375 | 3.873 | 2.466 47.12 176.7 
16 06250 256 4096 | 4.000 | 2.520 50.27 201.1. 
17 05882 289 AQI3 | 4.123 }|)°2.571 53.41 227.0 
18 05556 324 5832 | 4.243 | 2.621 56.55, 254.5 
19 05263 361 6859 | 4.359 | 2.668 59.69 283.5 
20 05000 400 8000 | 4.472 | 2.714 62.83 314.2 
21 04762 441 O261) |) 4.583312 22759 65.97 346.4 
22, 04545 484 10648 | 4.690 | 2.802 69.12 380.1 
23 04348 529 12167 | 4.796 | 2.844 M226 415.5 
24 04167 576 13824 | 4.899 | 2.884 75.40 452.4 
25 04000 625 15625 | 5.000 | 2.924 78.54 490.9° 
26 | .03846 676 17576 | 5.099 | 2.962 81.68 530.9 
27 | .03704 729 19683 | 5.196.} 3.000 84.82 572.6 
28 | .03571 784 21952) = 5.291 | 3.0387 87.96 615.8 
29 .03448 841 24389 | 5.385 1-3.072 91,11 660.5. 
30 | .03333 | 900 27000 | 5.477 | 3.107 94.25 706.9 
31-| .03226 961 29791 | 5.568 | 3.141 97.39 754.8 
o27-.038125 1.1024 32768 | 5.657 | 3.175 100.53 804.2 
33. |°..03030 | 1089 35937 | 5.745 | 3.208 103.67 855.3 
34 | .02941 | 1156 39304 | 5.831 | 3.240 106.81 907.9 
35 | .02857 | 1225 42875 | 5.916 | 3.271 109.96 962.0 
36 | .02778 | 1296 46656 | 6.000 | 3.302 Seo 1018 
37 | .02703 | 1369 50653 | 6.083 | 3.332 116.24 1075 
38 | .02632 | 1444 54872 | 6.164 | 3.362 119.38" 1134 
89 | .02564 | 1521 | 759319 | 6.245 | 3.391 12252 1195 
40 | .02500 | 1600 64000 | 6.325 | 3.420 125.66 1257 
41 | .02439 | 1681 68921 | 6.403 | 3.448 128.81 1320 
42 | .02381 | 1764 74088 | 6.481 | 3.476 131.95 1385 
43 | .02326 | 1849 79507 | 6.557 | 3-503 135.09 1452 
44 | .02273 | 1936 85184 | 6.633 | 3.530 138.23 1521 
45°| .02222 | 2025 91125 | 6.708 | 3.557 141.37 1590 
46 | .02174 | 2116 97336 | 6.782 | 3.583 144.51 1662 
47 | .02128 | 2209 | 103823 | 6.856 | 3.609 147.65 1735 
48 | .02083 | 2304 | 110592 | 6.928 | 3.634 150.80 1810 
49 | .02041 | 2401 | 117649 | 7.000 | 3.659 153.94 1886 
50 | .02000 | 2500 | 125000 | 7.071 | 3.684 157.08 1963 
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-REcriprRocALS, Powers aNnp Roots or Numsers, CiRCUMFERENCES AND 
AREAS OF CriRCLES (Continued) 


a Cireum, Area, of 
n I/n n2 n3 Vn vn of cirele circle, 
rn tn2 
51 -O1961L. | 2601 (1382651 1-7-2141 | 3::708 160. 22 2043. 
52 .01923 | 2704 | 140608 | 7.211 Sos 163.36 2124, 
53 .01887 | 2809 | 148877 | 7.280 | 3.756 166.50 2206. 
54 .01852 | 2916 | 157464 | 7.348 | 3.780 169.65 2290. 
55 | .01818 | 3025 | 166375 | 7.416 | 3.803 172.79 2376. 
56 | .01786 | 3136 | 175616 | 7.483 | 3.826 175.93 2463. 
57 .01754 | 3249 | 185193 | 7.550 | 3.849 179 '07 2002. 
58 | .01724 | 3364 | 195112 | 7.616 | 3.871 182.21 2642. 
59 .01695 | 3481 | 205379 | 7.681 | 3.893 185.35 2734, 
60 | .01667 | 3600 | 216000 | 7.746 | 3.915 188.50 2827. 
61 .01639 | 3721 | 226981 | 7.810 | 3.936 191.64 2922. 
62 .01613 | 3844 | 238328 | 7.874 | 3.958 194.78 3019. 
63 .01587 | 3969 | 250047 | 7.937 | 3.979 197.92 SLUT 
64 .01563 | 4096 | 262144 | 8.000 | 4.000 201.06 SUA Ts 
65 } .O01538 | 4225 | 274625. | 8.062 | 4/021 204.20 3318. 
66 .01515 | 43856 | 287496 | 8.124 | 4.041 200235 oa We 
67 | .01493 | 4489 | 300763 | 8.185 | 4.062 210.49 SaLOL 
68 .01471 | 4624 | 3144382 | 8.246 | 4.082 213.63 SOar. 
69 .01449 | 4761 | 328509 | 8.307 | 4.102 ZIG. 3739. 
70 | .01429 | 4900 | 343000 | 8.367 | 4.121 219.91 3848. 
71 | .01408 | 5041 | 357911 | 8.426 | 4.141 223.05 3959. 
72 | .01389 | 5184 | 373248 | 8.485 | 4.160 226.19 4072 
73 | .01370 | 5829 | 3889017 .| 8.544 | 4.179 229.34 4185 
74 .01351 | 5476 | 405224 | 8.602 | 4.198 232.48 4301 
ne | 013383 |) 5625 } 421875 | 8.660 | 4.217 Peasy MOMs 4418 
76 7 .01316 | 5776.| 438976 | 8.718 | 4.236 238.76 4536 
v7} .01299 | 5929 | 456533 | 8.775 | 4.254 241.90 4657 
78 | .01282 | 6084 | 474552 | 8.832 | 4.273 245.04 4778 
79 .01266 | 6241 | 493039 | 8.888 | 4.291 248.19 4902 
80 | .01250 | 6400 | 512000 | 8.944 | 4.309 2oleos 5027 
81 LOlzoo ImODGL | 55144 ir 9.000: |) 42327 254.47 5153 
82 | .01220 | 6724 | 551368 | 9.055 | 4.344 257.61 5281 
83 101205- |, 6889. | 571787 | 9.110 | 4.862 260.75 5411 
- 84 .01191 | 7056 | 592704 | 9.165 | 4.380 263.89 5542 
Boo Olls7, | 7225 | 614125_) 9. 22071 4.397. 267.04 5675 
86 | .01163 | 7396 |' 636056 | 9.274 | 4.414 270.18 5809 
Rie | OL140" |) 7569 | 658503 | 9° 327 | 4.431 Zlawo2 5945 
88 .01136 | 7744 | 681472 | 9.381 | 4.448 276.46 6082 
89 -01124 | 7921 | 704969 | 9.434 | 4.465 279 .60 6221 
90 | .01111 | 8100 | 729000 | 9.487 | 4.481 282.74 6362 
91 | .01099 | 8281 | 753571 | 9.539 | 4.498 285.88 6504 
92 | .01087 | 8464 | 778688 | 9.592 | 4.514 289.03 6648 
93 .01075 | 8649 | 804857 | 9.644 | 4.531 292.17 6793 
«94 .01064 | 8836 | 830584 | 9.695 | 4.547 295.31 6940 
Dare. OL053, (9025 (S5737> | 9.747. 1245563 298.45 7088 
96 | .01042 | 9216 | 884736 | 9.798 | 4.579 301.59 7238 
| 97 .01031 | 9409 | 912673 | 9.849 | 4.595 304.73 7390 
| 98 | .01020 | 9604 | 941192 | 9.899 | 4.610 307.88 7543 
99 .01010 | 9801 | 970299 | 9.950 | 4.626 311.02 7698 
Q.000 | 4.642 314.16 7854 


100 | .01000 |10000 |1000000 |10. 
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NUMERICAL CONSTANTS 


x =3.14159 
log r=0.497150 
4n =12.56637 log 47 =1.099210 
a= 1.57080 loz 5 =(0. 196120 
z= 1.04720 log 5 =(.020029 
4 4 
~r= 4.18879 log 5 = =0. 622089 
eo . 
T Tv 
T= 0.78540 log = 9.895090 —10 
1 | 1 
== “31831 log — =9.502850—10- 
Tv Tv 
r= 9.86960 log? =0.994300 
= oAgibe log +, =9.005700—-10 
T T 
Var = 1.77245 log Vr =0. 248575 
1 1 
aS 5418 loz —= =9.751425 —10 
Nae : Ve 
Vir = 1.46459 | log Vx =0.165717 


BASE OF NATURAL LOGARITHMS 


e=2.71828 
logi e€=0.4384294 
Natural log of 2 =loge x =2.30259 logy x. 
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APPARATUS LISTS 


LIST OF APPARATUS AND MATERIAL FOR EXPERIMENTS 
IN CHEMISTRY 


Beakers, nest of 5 (3 to 20 oz.) ; 


Blowpipe, plain, 8 inch. 

Bottles, W. M., two 8 oz. 

Bottles, N. M., two 8 oz. 

Burette, 25 ce. 1-10ths. 

Corks, 2 dozen, assorted. 

Cork Borers, set 1-3. 

Corkscrew, wood handle. 

Crucibles, Hessian, 2 nests 
large 5’s, 

Crucible Tongs, 9 in. 

Deflagrating Spoon, brass, 4 
inch. 

Dish, Crystallizing, 4 inch. 

Dish, Evaporating, 2 oz. 

Dish, Evaporating, 6 oz. 

Dish, Lead, 3 inch. 

File, Triangular, 5 inch. 

File, round, 5 inch. 

Filter Paper, 1 pkg., 5 inch. 

Flasks, F. B., two 4 oz. 

Flask, F. B., 8 oz. 

Flask, F. B., 16 oz. 

Funnel, glass, 23 inch. 

Funnel, glass, 4 inch. 

Gas Bag, with stopcock, 1 gal. 

Gas Generating Flask, quart. 

Glass Tubing, 1 lb., 3-16-}. 

Graduate, conical, 100 ce. — 

Hand Balance, 5-inch beam, 
with weights. 

Hydrometer, for heavy liquids. 

Jar for Hydrometer, 12x23 

Jar, Specie, for deflagration, 
two 1-quart size. 

Lamp, Alcohol, 4 oz. 

Mortar, Wedgewood, 3? inch. 

Pipette, Volumetric, 5 ce. 

Pipette, Volumetric, 10 ec. 

Pneumatic Trough, student’s. 


2 02. 


Reagent Bottles, 1 set of 24. 

Retort, glass, plain, 16 oz. 

Receiver for Retort, 8 oz. - 

Reduction Tube for reducing 
metallic oxides. 

Retort Stand, 3 ring. 

Rubber Tubing, 6 feet, + inch. 

Sand Bath, 4 inch. 

Spatula, steel, 4 inch, 

Stirring Rods, 3, 5x38-16. 

Test Glass, 2 oz. 

Test Tubes, 2 dozen, assorted. 

Test Tubes, 1 dozen, 6x3. 

Test Tube Brush, sponge end. 

Test Tube Holder, wire. 

Test Tube Support, 13 tubes 
with drying pins. 

Thermometer Paper Scale, 
EOL 


~ Thistle Tubes, “two. 


U Tube, 6 inch. 

Watch Glass, 23 inch. 

Watch Springs, for burning in 
oxygen, } dozen. 

Wire Gauze, 4x4. 

Woulff Bottle, 3 neck, pint. 

4 Ib. Acetic Acid. 

i lb. Hydrochloric Acid. 

1 lb. Nitrie Acid. 

1 oz. Oxalie Acid. 

2 lbs. Sulphurie Acid. 

1 oz. Tartaric Acid. 

1 oz. Ammonium Carbonate. 

2 oz. Ammonium Chloride. 

4 lb. Ammonium Hydrate. 

1 oz. Ammonium Nitrate. 

1 oz. Ammonium Sulphide. 

3 pt. Aleohol Methyl. 

Alum. 

2'oz. Animal Charcoal. 
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1 oz. Antimony. 

1 oz. Arsenic Trioxide. 

1 oz. Barium Chloride. 

1 oz. Barium Nitrate. 

1 oz. Borax. 

2 Ib. Calcium Carbonate 
(marble). 

2 oz. Calcium Chloride. 

2 oz. Calcium Fluoride. 

lb. Calcium Sulphate. 

oz. Carbon Bisulphide. 

oz. Cobalt Nitrate. 

oz. Copper Sulphate. 

oz. Ether. 

oz. Ferrous Sulphate. 

oz. Ferrous Sulphide. 


oz. Gun Cotton. 

oz. Iodine. 

oz. Galena. 

oz. Lead Acetate. 

oz. Lead Oxide (red). 

oz. Lead Monoxide 

2 oz. Litmus (best cubes). 
12 in. Magnesium Ribbon. 

4 oz. Magnesium Sulphate. 

i Bel ey Manganese Dioxide 

(powdered). 

4 oz. Mercury. 

oz. Mercuric Chloride. 

oz. Mercuric Oxide. 
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oz. Gall Nuts (powdered). 


12 in. Platinum Wire. 

3 oz. Phosphorus. 

4 oz. Potassium (metallic). 

4 lb. Potassium Bichromate. 

1 oz. Potassium Bromide. 

2 oz. Potassium Carbonate. 
lb. Potassium Chlorate. 
oz. Potassium Chromate. 

oz. Potassium Cyanide. 

. Potassium Ferricyanide. 

oe Potassium Ferrocyanide. 

z. Potassium Hydrate 

(Hickey. 

oz. Potassium Iodide. 

oz. Potassium Nitrate. 

oz. Potassium Permanga- 

nate. 

oz. Potassium Sulphate. 

oz. Silver Nitrate. 

oz. Sodium (metallic). 

oz. Sodium Acetate. 

oz. Sodium Carbonate. 

oz. Sodium Hydrate 

(sticks). 

oz. Sodium Hyposulphite. 

oz. Sodium Sulphate. 

oz. Sodium Phosphate. 

. Strontium Nitrate. 

Ib. Sulphur Roll. 

lb. Zine for making Hydro- 

gen. 
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LIST OF APPARATUS AND MATERIAL FOR 
EXPERIMENTS IN PHYSICS 


General Equipment 


Interchangeable supports, bases, rods, clamps, arms, rings, etc. 
Balances, platform scales and enclosed, sensitive balance, with 


appropriate weights. 


Barometer. 
Water Stull. 


Cells, for open and for closed 


circuit. 
Portable Storage Cells. 
Rheostats. 


Electric Motor, + H. P. 
Bunsen Burners. 

Blast Lamp. 

Foot Blower. 

Drawing Instruments. 
Projection Lantern. 
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Supplies 
Wire; brass, iron, steel, copper, of various sizes. 


Insulated wire; heavy, for connections; 


bell wire; cotton or silk 


covered magnet wire of various sizes. 


Rubber Tubing. 

Glass Tubing, various sizes. 

Asbestos Board and Wire 
Gauze. 

Corks, Ordinary and Rubber. 

Cork Borer. 

Pinch Cocks. 

Filter Paper. 


_ Absorbent Cotton. 


Glass Beakers, a variety of 
sizes and shapes. 

Crystallizing Dishes. 

Evaporating Dishes, Porcelain. 

Flasks, Wash Bottles and Dry- 
ing Tubes. 

Watch Glasses. 

Graduates. 

Bottles, Reagent and Common 
Stock. 

Vaseline. 

Watch Oil. 

Machine Oil. 

Sealing Wax. 


Soft wax. 

Shellac, flakes and solution. 

Stop-cock Grease. 

Emery, various grades. 

Powdered Pumice. 

Rouge. 

Resin. 

Paraffin. 

Canada Balsam. 

Mercury. - 

Acids, C. P., Sulphuric, Hy- 
drochlorie and Nitric. 

Alcohol, Ethyl. 

Either. 

Carbon Disulphide. 

Glycerine. 

Ammonia. 

Potassium Hydroxide. 

Sodium Chloride (common 
salt). 

Borax. 

Copper Sulphate. 

Calcium Chloride. 


Tools 
Bench Vise. Metal Shears. 
Hammers, Ordinary and Wrenches. 
Heavy ‘and Light Machine Oil Stone. 


Hammers. 
Rawhide Mallet. 
Drill Press and Drills. 
Screw Drivers. 


Files. 
Hack Saw. 
Pliers, Square, Round Nose 


and Wire Cutters, Tweezers. 
Taps and Dies. 


Soldering Outfit. 

Wood Working Tools—saws, 
planes, chisels, augers and 
bit brace, etc. 

Stock of Machine and Wood 
Screws, Nails, Brads, Rivets, 


etc. 
Sand and Emery Paper. 


Measurements 


Metric Models, Charts, ete. 

Meter !Scales of wood and 
metal. 

Vernier Model, Vernier and 
Micrometer Calipers. 

Micrometer Microscope. 

Spherometer. 


Level. 

Demonstration Balance with 
weights. 

Clock with arrangement fer 
giving time signals, 

Stop Watch. 
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Properties of Matter 


Adhesion Disk. Inertia Apparatus. 

Cohesion Plates. Elasticity of Flexure Appa- 
Prince Rupert Drops. ratus. 
Capillary Tubes and Support. Breaking Strength of Wire 
Osmose Apparatus, Apparatus. 


Mechanics of Solids 


Collision Balls. Center of Gravity Apparatus 
Composition of Forces. Rotator, Whirling Table. 
Models of Simple Machines, Centrifugal Hoop. 

Block and Tackle, Differen- Gyroscope. 

tial Pulley, Wall Crane, In- Spring Balances. 

clined Plane. Jolly Balance. 


Mechanics of Fluids 


Equilibrium Tubes. Lift Pump. 

Hall’s Pressure Gauge. Force Pump. 

Bottle Imp and Jar. Demonstration Hydrometer. 
Hydraulic Press. Hydrometer for heavy liquids. 
Boyle’s Law Tube. Hydrometer Jar, 12x23. | 
Siphon. Barometer Tube, Cup and — 
Archimedes Principle Appa- Pipette. 

ratus. 
Pneumatics 2 

Oil-sealed Air Pump. Hand and Bladder Glass. 
Pressure Tubing. Sheet Rubber. 

Vacuum Gauge. ; Mereury Shower. 

Bell in Vacuo. Magdeburg Hemispheres. 
Bursting Cubes. ; Bacchus Illustration. 

Freezing Apparatus. Water Hammer. 

Bell Glass, 1 gallon. Guinea and Feather Tube. 

Heat 

Copper Boiler. . Calorimeter. 
Air Thermometer. Tyndall’s Specific Heat Appa 
Thermometers. ratus. 

Heat Conduction Apparatus. Fire Syringe. 

Ball and Ring. Convection Apparatus. | 
-~Compound Bar. Radiometer. 
Palm Glass. Sectional Model of Steam En-_ Q 


Linear Expansion Apparatus. gine. 
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Sound and Wave Motion 


Savart’s Wheel. 

Siren Disk. 

Tuning Fork. 

Tuning Fork on Resonant case. 
Helmholtz Resonators. 
Sonometer. 

Violoncello Bow. 


Organ Pipes. 

Chladni Plates and Clamp. 
Oscillograph. 

Kundt’s Tube. 

Crova’s Disk. 

Spiral of Brass Wire. 


Magnetism 


Lodestone. 

Bar Magnet, 6 inch. 
Horseshoe Magnet, 6 inch. 
Iron Turnings. 


Electro Magnet. 
Magnetic Needle. 
Compass, 40 mm. 


Electricity 


Friction Rod, wax. 

Friction Rod, vulcanite. 

Catskin. 

Pith Balls, 1 dozen. 

Pith Images, pair. 

Electrical Pendulum. 

Electroscope. 

Toepler-Holtz Electric Ma- 
chine with attachment and 
shocking handles. 

Brass Chains with hook and 

- gnap. 

Leyden Jar, quart. 

Discharger. 

Hollow Globe. 

Proof Plane. 

Geissler Tubes. . 

X-Ray Tube and Fluorescent 
Screen. 


Induction Coil. 
Electric Motor, 
tion Model. 
Decomposition of Water Ap- 

paratus. 

Galvanometers with reading 
telescopes. 

Contact Keys. 

Wheatstone Bridges, slide wire 
and box form. 

Resistance Boxes. 

Ammeters and Voltmeters, 
various ranges for direct 
and alternating current. 

Normal Cell. . 

Condenser. 

Telephone and Telegraph Ap- 
paratus. 


Demonstra- 


Light 


Newton’s Disk. 

Concave and Convex Mirrors. 

Multiple Image Apparatus. 

Incidence and Reflection Ap- 
paratus. 

Sextant. 

Equilateral Prism. 

Demonstration Lenses of vari- 
ous types and focal lengths. 


Optical Bench with lens sup 
ports, slit, biprism, screen, 
eye piece, etc. 

Iceland Spar. 

Newton’s Rings. 

Nicol Prisms. 

Replica Grating. - 

Spectrometer. 

Microscope. 
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Organic Analysis. © 

Applied Electrochemistry. 
Immuno-Chemistry. 

Qualitative Analysis. 

Sanitary and Applied Chemistry. 
General Inorganic Chemistry. 


_Laboratory Manual. 
.Qualitative Analysis. 


Industrial Chemistry. 

Physical Chemistry. 

General Chemistry. 

Synthetic Inorganic’ Chemistry. 

Practical Electro-Chemistry. 

Modern Industrial Chemistry. 

Qualitative Analysis (Trans. by 
Smeaton). 

Elementary Chemistry. 

Introduction to the Rarer Elements. 

Laboratory Manual. 

Principles of Chemistry. 

Chicago High School Manual of Chem- 
istry. 

Elementary Chemistry. 

Laboratory Manual. 

Electrochemical Analysis. 

Tests and Reagents. 

Indicators and Test Papers. 


.. Qualitative Chemical Analysis. 


Gas Analysis. 
Qualitative Analysis. 
The New Knowledge. 
Introduction to Chemical Preparations. 
Principles of Dyeing. 
Elements of Chemistry. 
Qualitative Chemical Analysis. 
Paint Technology and Tests. 
Qualitative Analysis. 
Practical Methods of Organic Chem- 
istry (Trans. by Shober). 
Oil Analysis. 
Food Analysis. 
Outlines of Inorganic Chemistry. 
Liquefaction of Gases. 
Methods of Gas Analysis. 
Essentials of Chemistry with Manual. 
Laboratory Manual of Chemistry. 
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Elements of Inorganic Chemistry. 
Elements of Physical Chemistry. 
New Era in Chemistry. 
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Exercises in Chemistry. 
General Chemistry. 
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Modern Inorganic Chemistry. 
Introduction to Modern Inorganic 


Chemistry. 

RETICOLOCH <S ov 3.055 «et os os ‘ Principles of Chemistry. 

Meyer and Jacobson........ Organic Chemistry. 

Nn Sh es ey ete En ae Quantitative Analysis. 

Sof C2 Teg I age ee Rea ee Elements of Physical Chemistry. 

bir Ab tisOlh oo. v1, 8 Practical Chemistry. 

Munroe and Kibler..... oc. Explosives. 

DET SEE AA Mle as ae an Theoretical Chemistry from the Stand- 
point of Avogadro’s Rules and 
Thermodynamics, * 


ESSE SSE ics ao: es ei Descriptive Chemistry. 
Experimental Chemistry. 
Manual of Experiments. 


EVGWilis ot... 0.6. St WAR eae Inorganic Chemistry? 
MEN Crt tn. th eee Bee Elements of Qualitative Chemical 
; Analysis. 


General Principles of Physical Science. 
Organic Chemistry. 
Qualitative Chemical Analysis. 


* Out of print. 
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Conversations in Chemistry (Trans. 
by Ramsey). 

Foundations of Analytical Chemistry. 

Fundamental Principles of Chemistry. 

Manual of Physical and Chemical 
Measurements. 

Principles of Inorganic Chemistry. 

Solutions. 

Organic Chemistry. 


.Qualitative Analysis. 


Water Bacteriology. 


..Analysis of Brass and Non-ferrous 


Alloys. 
College Text-Book in Chemistry. 
General Chemistry. 
Inorganic Chemistry. 
Introduction to Study of Chemistry. 
Laboratory Manual. 
Organic Chemistry. 
Water Analysis. 
Air, Water and Food. 


..The Modern Asphalt Pavement. 


Organic Chemistry. 

Manual of Industrial Chemistry. 

The Polariscope in the Chemical 
Laboratory. 

Lessons in Elementary Chemistry. 

Inorganic Chemistry. 


. Treatise on Chemistry. 


Radioactivity. 
Technology of Paint and Varnish. 
The Spirit of Organic Chemistry. 


Handbook of Industrial Organic Chem- — 


istry. 
Experiments in General Chemistry. . 
Qualitative Analysis. 
Tables of Properties 
Substances. 
Qualitative Analysis. 
Electrochemical Analysis. 
Laboratory Outline in General Chem- 
istry. 
Inorganic Chemistry. 
Laboratory Manual of Chemistry. 
Physical Chemistry 


Recent Advances in Organic Chem- — 


istry. 
Qualitative Analysis. 
Engineering Chemistry.* 
Introduction to General Chemistry. 


Outline of Qualitative Analysis. 


Elementary Manual of Chemistry. 
Volumetric Analysis. 

The Chemistry of Paints. 
Quantitative Analysis. 
Electrolytic Dissociation Theory. 
Applied Electrochemistry. 
Thermochemistry. 


* Out of print. 
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Essays in Historical Chemistry. 

Industrial Chemistry. 

Inorganic Preparations. 

Qualitative Analysis. 

Quantitative Analysis. 

Review Questions and Problems in 
Chemistry. 

Lectures on Theoretical and Physical 
Chemistry. 

Physical Chemistry in the Service of 
Science. 

Introduction to Physical Chemistry. 

Elementary Chemistry. 

Chemical Experiments. 

Elements of Chemistry. 

Introduction to Chemical Science. 

Laboratory Manual in General Chem- 
istry. 

Laboratory Manual in _ Inorganic 
Chemistry. 

Air, Water and Food from a Sanitary 
Standpoint. 

Elementary Principles of Chemistry. 

Fractional Distillation. 

Stoichiometry. : 

Colloids and the Ultramicroscope 
(Trans. by Alexander). 


BIBLIOGRAPHY OF PHYSICS 


The following brief list of works on Physics and allied subjects is offered 


for reference: 


- Andrews and Howland .. Elements 


Elementary Texts 


of Physics. 1903. 386 pp. 


Pavehyactu. Von, sce, fevers School Physics. 1895. 600 pp. 
Elementary Physics. 1897. 315 pp. 
Carhart and sae ee The Elements of Physics. 1895. 382 pp. 


Crew.................Elements of Physics. 1900. 350 pp. 

Gage, A.P............Principles of Physics. 1895. 630 pp. 

Beet tOny F. Bicra sts ness A High School Course in Physics. 1910. 480 pp. 
Hoadley, G. A..........A Brief Course in Physics. 1900. 450 pp. 

Mann and Twiss....... Physics. 1905. 453 pp. 

Millikan and Gale......A First Course in Physics. 1906. 488 pp. 
Moamaper,, WIN es... 6s _.A Text-Book in Physics. 1907. 411 pp. 
Nichols, B. L...........The Outlines of Physics. 1897. 450 pp. 
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College Texts 


WA IMNES diz Oeste ocele a aeere Theory of Physics. 1897. 513 p 

Text-Book of General Physics. 1904. 768 pp. 
@arhart.-El Osco eee University Physics. 1898. 3 vol. 
Grew) Henny 2s. General Physics.. 1908. 515 pp. 
Dit; SACEW vias sete cee A Text-Book of Physics. 1912. 3d Ed. 686 pp. 
Franklin and McNutt. . The ees of Mechanics and Heat. 1907. 
' 409 p 


The Klemen of Light and Sound. 1909. 344 pp. 
The Elements of Electricity and Magnetism. 1908. 


350 pp. 
Ganot-Atkinson.. . Pie has 18922-1115 pp. =Cirans;) 
Hastings and Beach... . General Physics. 1901. 768 pp. 
Hurst and Lattey...... A Text-Book of Physics. 1910. ae pp. 
Poynting and Thomson. Text-Book of Physics. 1899. 3 vols 
WinttS OT yo Vente ww sce seetnere A Text-Book of Physics. 1907. 4th Ed. 928 pp. 


General Physics. 1912. 564 pp. 


Reference 
Eerrelk wd) ake ee ee _. Physikalische Technik. 2d Ed. 1909. 2 vols. 
Thomson and Tait.....Treatise on Natural Philosophy. 1903. 2d vol. 
Wein oldisAs ha. siecoee- Physikalische Demonstrationen. 1899. 879 pp. 
Winkelmann.......... Handbuch der Physik. 2d Hd. 1905. 6 vols. 
7 
Laboratory Manuals 
ING ea eee CRM Vee foie eee Physical Laboratory Manual. 1896. 180 p 
Ames and Bliss.:...... A Manual of Experiments in Physics. P8908. 
544 pp. 
Austin and Thwing....Physical Measurement. 1896. 198 pp. 
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GilivertsviNe Ee y seem Experiments in Physics. 1907. 155 pp. 
Glazebrook and Shaw..Practical Physics. 1894. 633 pp. 
Hall and Bergen....... A Text-Book of Physics. 1897. 596 p 
Kohlrausch? Pisa... o- ena der Praktischen Physik. Lith Med. 1909. 
36 pp. 
Kohlrausch-Waller and 
PrOCEOL. a2 cee ee An Introduction to Physical Measurements. 1894. 
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Loudon and McLennan. Experimental Physics. 1895. 302 pp. 


UY BUGIS ated Bsa Crs i ea Velie eae Laboratory Physics. 1903. 403 pp. 

INTChOl SME ected sie ot. A Laboratory Manual of Physics and Applied 
Electricity. 1894. 2d vol. 

Ostwald, vee ee Physiko-Chemische Messungen. 1902. 2d Ed. 
490 pp. 

Ostwald-Walker....... Manual of Physico-Chemical Measurements. 1894. 
254 pp. (Trans.) 

Schuster and Lees..... Exercises in Practical Physics. 1901. 368 p 

Stewart and Gee....... oe in Elementary Practical Physics.’ PY8O1. 
2 vols. 

Wahiting.= Hi ee Physical Measurement. 1891. 1226 pp. 


Zeleny, A., and Erikson, 
TEL Ay tenets, torches A Manual. of Physical Measurements. 1912. 
248 pp. 


Laboratory Arts 


bert; oot tenis eo ees Anleitung zum Glasblasen. as Ed. 1904. 120 pp- 
Rowell shies Soe tae Hard Soldering. 1898. 63 p : 
Anhireliall\aikvaee sme wean: On Laboratory Arts. 1898. "338 pp. 

Woollatt, G. H........Laboratory Arts. 1908. 192 pp. 
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Physical Mathematics, Computation and Problems 


Goodwin, H.S.........Precision of Measurements and Graphical Methods. 
1913. 104 pp. 

Efolmamess Wes ea. oes Computation Rules and Logarithms. 1896. 73 pp. 

Precision of Measurements. 1894. 175 pp. 

BROMINE UL Pay Re sce sete ae See Examples in Physics. 2d Ed. 1902. 350 pp. 

peeaiesy Geer Wee De o-. 2 oe cs Logarithmic Tables. 9th Ed. 1902. 160 pp. 

Matthews and Shearer... Problems and Questions in Physics. 1899 247 pp. 

NIGH OTR OW oe fossa aie oats Higher Mathematics for Students of Chemistry and 
Physics. 1905. 638€ pp. 

PSC ENE OMI Roe. aie, she ace «ahs Seven Figure Logarithms. 6th fd. 1901. 550 pp. 

EE a Sede A Pees ge 10 Place Logarithms. 

scecn and Gee...... Mathematical and Physical Tables, 1898, 215 pp. 


Tables of Physical Constants 


larke se Bre Woarc cass es Atomic Weights. 1910. 548 pp. (Smithsonian 
Miscellaneous Collections. Vol. 54. No. 3.) 

EIVCTIO Ua cts eeteve ssc oie C. G. 8. System of Units. 1902. 283 pp. 

Billowles PW ks ca tyeon.. Smithsonian Physical Tables. 1910. 318 pp. 


Landolt and Boérnstein.. Physikalisch Chemische Tabellen. 
Physical Society of 
ETADCOy < ek Sans on ce Recueil des Constants Physiques. 1913. 753 pp. 


Mechanics of Solids and Fluids 


Cordeiro, F. J. B.......The Gyroscope. 1913. 104 pp. 

COGN oF eens oe re eee en 2 Spas Tops and Gyroscopic Motion. 1909. 
140 p 

FEU re etete sities, Giclalar’S The Sttcnetl of Materials. 1899. 245 pp. 

teUrOLIN; |. Wits Liscc se. «. wapiee The Liquefaction of Gases. 1899. 250 pp. 

MENG LE Vis 5-5 unas ne + Memoir on Mechanical Flight. 1911. 3815 pp. 

(Smithsonian Publication. Vol. 27. No. 3.) 

Mach-MecCormack.....The Science of Mechanics. 1893. 534 pp. (Trans.) 

Morley, Arthur. < se.» < Strength of Materials. 1911. 395 pp. 

eeLC uel. -C) 2. eel ePee ac Newtonian Potential Function. 1902. 489 pp. 

Travers, M. W.........Study of Gases. 1901. 323 pp. 

NWirebster, A. -Ga.sccese. The Dynamics of Particles and of Rigid, Elastic and 
Fluid Bodies. 2d Ed. 1912. 588 pp. 

VIM aIHSOM, (Bis os. es Treatise on Dynamics. 1900. 559 pp. 


Worthington, A. M....’. Dynamics of Rotation. 1906. 169 pp. 
A Study of Splashes, 1908. 129 pp. 


Heat and Thermodynamics 


PATOLOS ed nb ese os Sine Ice Formation. 1906. 260 pp. 
Buckingham, Hy... :s.63 Theory of Thermodynamics. 1900. 205 pp. 


Chatelier and 
Boudouard-Burgess. . High Temperature Measurements. 1901. 230 pp. 


(Trans.) 

MOCLSEI se Lcgete se nc dae declete Heat for Advanced Students. 1903. 478 pp. 
Molo W Cll ia: Cratas cree areitrs Theory of Heat. 1897. 348 pp. 

Pelanck-Ogg. so .ce. sees Treatise on Thermodynamics. 1903. 272 pp. 
Weericine TA s:A 2s it. ok Introduction to General Thermodynamics. 1912. 
: 247 pp. 

Preston, Thomas. ..... Theory of Heat. 1894. 719 pp. 

Mireeve, so. A. 24 as ....The Thermodynamics of Heat Engines. 1903. 
: 358 pp. 

PEyndall,, John. 's. isso Heat. 1892. 591 pp. 
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Sound and Wave Motion 


(Barton. Ein elcee aaron reine Text-Book on Sound. 1908. 687 pp. 
Helmholtz-Ellis.........Sensations of Tone. 1895. 576 pp. 

Koenig, Rudolph. . .. Quelques Expériences D’Acoustique. 1882. 248 pp. 
Lamb, Hoek. nee The Dynamical Theory of Sound. 1910. 303 pp. 
Miller, DiGi. .62hs2 The Science of Musical Sounds. 1916. 286 pp. 
Rayleigh, Lord.........Theory of Sound, 1894. 2 vols. 

Abaco WIN fol hayprmtiacgt % q yur Sound. 1908. 448 pp. 

Zavmiy hs Tos. sees aes Sound and Music. 1892, 


Electricity and Magnetism - 


Carhart and Patterson.. Electrical Measurement. 1895. 344 pp. 
Foster, G. C., and Por- 


GET AME. 2 tee eae Gee Elementary Treatise on Electricity and Magnetism. 
1903. 468 pp. 
Gray) TAL a y Shere cheese etane A yee: on Magnetism and Electricity. 1898. 
480 p 
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Ofelia (ot sty gks emai Pewee ht a Electricity and Magnetism. 1904. 482 pp. 
TyOmS ys Ue sarees, si peae A Treatise on Electromagnetic Phenomena and the 
Deviations of the Compass. 1901. 2 vols. 
Wiartin el Oat a oniere ss. Inventions, Researches and Writings of Nikola 
Tesla. 1894. 496 pp 
Maxwelle IG is shane A Treatise on Electricity and Magnetism. 1892. 
2 vols. 
TMMOWASOM yc Iixicro reroute ee srs of Electricity and Magnetism. 1895. 
510 p 
Govtieating of Electricity through Gases. 1903. 
566 pp. 
Recent Researches in Electricity and Magnetism. 
1893. 578 pp 
The Discharge of Electricity through Gases. 1898. 
203 pp. 
Thompson, S. P...... fetta oa in Electricity and Magnetism, 
1896. 634 p 
The Wisoliccé cunt. 1892. 452 p 
Webster, A. Gs ie. 0. f. ae Theory of Electricity and Maciben 1897. 
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Practical or Applied Electricity 


Golling; sk: Awe nes ce oe Design and Construction of Induction Coils. 1909. 
pp, 
ELaTe VAGH Ss ono alae oe The Comibneies of Large Induction Coils. 1900. 
E 155 pp. 
Maver, (Want ones acs ae American Telegraphy. 1903. 564 De, 


Wireless Telegraphy. 1904. 199 p 
Moissan, H. pleted: The Electric Furnace. 1904. 307. et (Trans.) 
arr, Go SA ees Practical Electrical Testing. 1901. 392 pp. 
Treadwell, re SE ahs Seanoles The Storage Battery. 1898. 257 pp. 


Light (General) 
Drude-Mann and Milli- 


keh te oe nee ee Theory of Optics. 1902. 546 pp. (Trans.) 
Emtage, W. T. A...... Light. 1896. 352 pp. 
Hastings) 6. (SS cies Light. 1902. 224 pp. 
Mann. Goh Sar reter oe Manual of Advanced Optics. 1902. 196 pp. 
Preston, Thomas...... Theory of Light. 2d Hd. 1895. 574 pp. 
Sehugber, Aye ony ae Theory of Optics. 1904. 340 pp. ~ 
Thompson, 8. P.. .. Light, Visible and Invisible. 1897. 294 pp. 
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PROBLEMS 


THE METHOD OF SOLVING CHEMICAL PROBLEMS 


(From Talbot’s Quantitative Analysis, by permission.) 


Detailed solutions of a few typical problems are given below. 
The student should study these carefully, and assure himself that 
they are fully understood. 

1, A “chemical factor’’ expresses the ratio between a specific 
quantity of a chemical compound and the equivalent quantity of 
some other body. For example, if it is wished to determine the 
weight of sulphur which corresponds to a specific weight of barium 
sulphate, the latter is multiplied by the factor, or ratio, repre- 

SOL t= | 
BaSo,’ OF 599 50 = 0.1873. It may also 
~ 233.5 32.07 
be expressed by the proportion BaSO, : 8 = wt. BaSO, : z, from 
which it is plain that « = 2297. wt. BaSO. 
Again, if the weight of FeO in Fe,03 is desired, the factor 


2FeO _ 144.04 _ +e 
¥e,0, ~ 160.04 > 0.9000. Similarly, the factor for the 
K.0 _ 94.22 


conversion of KCI to K,0 is eKCl ~ 149.13 — 0.6820. The loga- 


rithmic equivalents of these values are called log factors. 

In the calculation of these factors, the atomic or molecular 
relations of the two substances must be kept clearly in mind; 
thus, it is plainly zncorrect to express the ratio of ferrous to ferric 

FeO 
: Fe.0s, 

oxide must correspond to two molecules of the lower. Careless- 
‘ness in this respect is one of the most frequent sources of error. 

2. To calculate the volume of a reagent required for a specific 
operation, it is necessary to know the exact reaction which is to 
be brought about, and, as with the calculation of factors, to keep 
in mind the molecular relations between the reagent and the 
substance reacted upon. For example, to estimate the weight of 
barium chloride necessary to precipitate the sulphur from 0.1 gram 


sented by the fraction 


becomes 


since each molecule of the higher 


oxide by the fraction 


. 488.70 

of pure pyrite (FeS.), the proportion should stand 2BaCl;. 2 H,0: 
120.16 

‘FeS; = x: 0.1, where x represents the weight of the chloride 
*Talbot’s ‘‘Quantitative Analysis.’’ 
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required. Each of the two atoms of sulphur will form a mole- 
cule of sulphuric acid upon oxidation, which, in turn, will require 
a molecule of the barium chloride for precipitation. To deter- 
~mine the quantity of the barium chloride required, it is necessary 
to include in its molecular weight the water of crystallization, 
since this is inseparable from the chloride when it is weighed. 
This applies equally to other similar instances. _ 

If the strength of an acid is expressed in percentage by weight, 
due regard must be paid to its specific gravity. For example, 
hydrochloric acid (sp. gr. 1.12) contains 23.8 per cent HCl by 
weight; 7.e., 0.2666 gram. 

3. Norules for universal application to “‘indirect gravimetric. 
analyses’’ can be laid down. A single example will be explained. 

Given a mixture of KCl + NaCl weighing 0.15 gram, which 
contains 53 per cent chlorine, to calculate the weight of KCl 
and NaCl in the mixture. 

The weight of chlorine in the mixture is (0.15 X 0.53) or 0.0795 
gram. Assuming that this chlorine was all in combination with 
potassium, the corresponding weight of KCl would be 0.1672 
gram (Cl : KCl = 0.0795 : 0.1672). This is an excess of 0.0172 
gram over the actual weight of the mixture, and it is plain that 
this difference is occasioned by the replacement of certain of the 
molecules of potassium chloride, weighing 74.56 units, by mole- 
cules of.sodium chloride weighing 58.50 units. To express this, 
let it be supposed that the mixture is made up of n molecules 


KCl and n’ molecules NaCl; then it. soon ee said that n KCl + 
58.50 74,56 

n' NaCl = 0.15 gram, and n KCl + n’ KC = 0.1672 gram, then 

ee subtracting the first equation from the second it is shown 


74.56 58.50 ; 
that n’ (KCI — NaCl) =0.0172 gram. That is, the difference in 
weight is equal to n’ times the difference in the molecular weights © 
of the two chlorides, The actual weight of NaCl present (x) is equal — 


0.0172 0.0172 3 
to 58.50n’, or, since n’ ~ 4, 56 — 58.50?" 58.50 74.56 — 58.50) 


This may be expressed in the form (74.56 — 58.50) : 58.50 = t 
0.0172 : x, from which z = 0.0626. Theweight of NaCl subtracted i 
from that of the mixture gives the weight of KCl. ; 

The weights of the chlorides may also be Seaton algebra- 

A5 35.45 
ically by solving the equations x + y = 0.15 and 2 74 56% z+ 58.50 ve 
= 0.0795, where x is the weight of KCl and y is the weight of — 
NaCl in the mixture. 

4. It is sometimes desirable to weigh out such a quantity of 
substance for analysis, that the number of cubic centimeters of | 
standard solution entering into the reaction shall represent di-_ 
rectly the percentage of the desired constituent. This may be © 
readily done, by considering the relation of the solution to a 
normal solution and the atomic or molecular weight of the desired © 
component. For example, suppose it is desired to calculate such 
a weight for K,CO; in pearl ash, when a half-normal acid solution 
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is used. Since half-normal acid and alkali solutions are equiva- 
lent, and since by definition the half-normal K.COs; solution 
contains 34.55 grams per liter, each cubic centimeter of the acid 
solution must be equivalent to 0.03455 gram K»,CO;3. Hence, 
100 cc. would neutralize 3.455 grams pure K,CO; and this becomes 
the desired weight of the pearlash. Similarly the required weight 
of limonite where the iron (Fe) is to be determined by means of 
a deci-normal K;,Cr.07 solution is 0.5602 gram. 

5. One of the most frequently recurring cases in volumetric 
analysis is that in which it is wished to express the value of a 
specific solution in terms of some substance other than that 
against which it has been standardized as for instance, the value 
of a permanganate solution which has been standardized against 
oxalic acid, in terms of iron. Although such problems appar- 
ently vary widely, there are common principles which can be 
applied to them all. These are stated below, and the student 
should assure himself that they are fully understood. 

_ Suppose, for example, it is desired to find the iron value (Fe) of 
a permanganate solution, of which 1 cc. is equivalent to 0.006302 
gram C2H20,4 5 2H.0. 

From a comparison of the reactions it is seen that 10 molecules 
of ferrous sulphate and 5 molecules of oxalic acid each react 
with the same amount (2 molecules) of the permanganate. 
These two quantities being, then, equivalent to the same third 
quantity, must be equivalent to each other; in other words, 10 
molecules of ferrous sulphate and 5 molecules of oxalic acid 
have the same reducing power. But, as stated above, the value 
is desired in terms of metallic iron (Fe), not FeSO,., but as it is 
plain that 10FeSO, are equivalent to 10Fe, it is proper to make 
the proportion 


560.2 630.25 
10 Fe: 5C.2H2O, : 2H,O = xz : 0.006302 


in which z = 0.005602 gram. Here, again, as in example 2, it is 
necessary to include the water of crystallization in the molecular 
| weight of the oxalic acid, as it is weighed with it. 
The same conclusion is arrived at, if we consider the relation of 
the solution to the normal. As given, it is deci-normal and must, 
therefore, be equivalent to a deci-normal solution of iron. From 
the equations cited, it is seen that 10FeSO,, unite with 50, there- 
fore each molecule is equivalent to 1 hydrogen atom in reducing 
power. The normal solution must, then, contain 1 gram-mole- 
cule of ferrous sulphate, or 56.02 grams Fe, and each cubic centi- 
meter of the deci-normal solution would contain 0.005602 gram, 
the value obtained above. 

Again, suppose the value of the same permanganate solution 
were desired in terms of molybdenum (Mo), the reactions with 
permanganate being 


5Mo12019 Le 17Mn,0O;7 = 60MoO; + 384MnO, and 
5C2H20,4 . 2H2O + Mn.07 = 2MnO + 10CO, + 15H,0. 
(Mn.O; is the anhydride of HMnOQ,.) 
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It is plain that in these equations as they stand, the molecular 
quantities of oxidizing agent are not equal. They can be made 
ane by simply multiplying the second equation by 17, and they then 

ecome, 


5Mo2019 + 17Mn,07 = 34MnO -|- 60Mo0O3, and 
Speert sea + 17Mn,.07 eS 34MnO + 170 CO, + 
255 H20. 


It is now possible to reason in the same way-as before, and to 
conclude that 85 molecules of the oxalic acid have the same reduc- 
ing power as 5 molecules of the oxide Moi2019, or 60 atoms of 
molybdenum. Accordingly, 5 


5758.8  10714.25 
60Mo : 85C2H204.2H:0 : : x : 0.006302 


in which x 0.003387 gram. 

Since 5Moy,2019 unite with 850, a normal solution of the former 
as a reducing agent, would contain 1 /170 of the 5 gram-molecules 
or 33.87 grams Mo, ‘and the deci-normal solution 3.387 grams per 
liter. This agrees with the values already obtained. 

6. It is sometimes necessary to calculate the value of solutions 
according to the principles just explained, when several succes-_ 
sive reactions are involved. Such problems may be solved by a 
series of proportions, but it is usually possible, after stating these 
to eliminate the common factors and solve but a single one. 

For example, suppose it is desired to express the value of a 
permanganate solution, of which 1 cc. = 0.008 gram iron (Fe), in 
terms of calcium oxide (CaO). The reactions involved in the 
volumetric determination of calcium are the following; CaCl. + 
(NH4)2C204 = CaC.0,4 + 2NH.Cl; CaC.0, + H.SO, + 2H20 = 


7“ CaSO, + C.2H2O,4. 2H20; 5C2H204 s 2H.O + 2KMn0O, + 3H.SO,4 


= K,SO,4 + MnSO. + 10CO, + 18H.0. 
From the considerations stated under 5, the following propor- 
tions may be made. 


10Fe : 5 5C.H.O, 5 2H.O = 0.008 : z 
5C2H204 5 2H.O i: 5CaC20, = 7 ¥ 
5CaC.0, : 5CaO = y : & 
Canceling the common factors, there remains simply 
560.2 280.4 
10Fe : 5 CaO = 0.008 : z 


Similarly, from the reactions, the equivalent of the iodine liber- 
ated may be calculated in terms of MnO, as follows: Supposing 
the weight of iodine to be 0.5 gram then 


21: 2K b= bee 
2K 2Cr= ary 
201 22H aay 
2HCI : MnO, =2: w 


Canceling the common factors, there remains 


I: MnO. =0.5: w 
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_ To solve such problems as 5 and 6, it is necessary to know the 
reactions involved, and the way in which the various components 
break up; then to compare the reactions and to search for those 
molecular quantities of the compounds in question, which are 
equivalent in their action upon a common agent. Having found 


these, as shown above, express the molecular ratio between them 
253.7 86.99 


in the form of a proportion; as, for example, 2 I : MnO2= 0.5: w. 
.99 

his re 
| 353. 253.7 0.5, it is plain that this ratio is _ 
in no way different in principle from the chemical factor men- 
tioned in paragraph 1; indeed, it is the factor for the conversion 
of iodine to manganese dioxide. 


Expressed in the form w= 


PROBLEMS IN ELEMENTARY PHYSICS 


1. A map is drawn to the scale 1 mile to the inch. What area 
on the map in square centimeters represents 10 square miles? 
Ans. 64.5 sq.cm. 

2. Express a velocity of 2500 cm. per second in feet per minute. 
Ans. 4921.2 feet per minute. 

3. A rectangular tank 15 cm.x163 mm.xX6 meters, inside 
measurements, is filled with water. Express the mass of the 
water in kilograms. One c.cm. of water weighs 1 gram (approxi- 
mately). Ans. 14.67 kg. 

4. The radius of a circle is 12 cm., what is the angle in degrees 
subtended by an arc of 16 cm.? Ans. 76.39°. 

5. The pitch of the screw in a micrometer, caliper is 0.5 mm. 
the rotating head of the instrument carries 50 divisibns; the 
vernier of the shank over which the head turns has 10 divisions 
which’ occupy the space of 9 smallest divisions on the head. 
‘What is the smallest distance which can be measured without 
estimation? Ans. 0.001 mm. 

6. How far from the point of observation must a scale be 
placed in order that 1 cm. on the scale will subtend an angle of 
1 minute? Ans. 3438 cm. 

7. Ariver is 1 kilometer in width, and the current has a velocity 
of 4 km. per hour. What direction must be taken by a launch 
moving at 8 km. per hour in order to land directly opposite the 
starting point? What will be the total time for the trip? Ans. 
The launch must steer 30° upstream; 8.7 minutes. 

8. A pendulum having a period of 1 second and a pendulum 
of nearly the same period are arranged so that it is possible to 
observe when the two reach the mid point of their respective 
oscillations at the same instant going in the same direction. 
‘The time elapsing between coincidences is 106 seconds. If the 
unknown is shorter than the known pendulum, what is its 
period? Ans, 0.9906 sec. - 

9. A body starts from rest and moves for 10 seconds with a 
uniform acceleration of 5 ¢m./sec.’, for the next 20 seconds it 
moves uniformly at the velocity acquired and is finally brought 
to rest with a uniform acceleration of —5. cm./sec.?, what is 
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the total space covered and the time occupied? Ans. 1500 cm., 
40 sec. 

10. Find the value of a constant force which, acting on a 
mass of 500 grams for 2 seconds, produces an increase in velocity 
of 10 cm./sec. Ans. 2500 dynes. 

11. What is the weight in dynes of a sphere whose mass is 
100 grams? If a spherical mass of 1000 kg. is placed vertically 


beneath the body so that their centers are separated by a dis- — 


tance of 50 cm., what is the apparent-increase in weight? (g.= 
980. cm./sec.?, the gravitational constant =6.66 x 10-8, C. G. 8.) 
Ans. 98,000 dynes; .0026 dyne. | 

12. A uniform bar, 100 cm. long, is supported on a knife 
edge 30 cm. from one end. A mass of 500 g. is suspended at a 
distance of 5 em. and a mass of 200 g. at a distance of 60 cm 
from the same end. If the system is in equilibrium, what is 
the mass of the bar? Ans. 325 g. 


13. The beam of a balance is 25 cm. long and weighs 50 g. | 


If the center of gravity is 0.05 cm. below the central knife edge 
through what angle will the beam be deflected by the addition 
of 0.001 gram to one of the pans? Ans. 0° 17.2’. 

14. The mean radius of the earth is about 6,370,000 meters. 
What is the acceleration toward the center of a point on the 
equator due to the rotation of the earth? Ans. 2910.3 meters 
per sec. per sec. 


15. If the period of simple harmonic mction is 10 seconds — 


and the amplitude 20 cm., what is the displacement, velocity 
and acceleration 2 seconds after the particle has passed its 
mid point in a positive direction? Ans. Displacement 19.02 cm., 
velocity 3.88 cm./sec., acceleration —7.51 cm./sec.?. 

16. A body of 60 g. mass falls freely from rest for 6 seconds, 
what is its momentum and kinetic energy at the end of the 
period? (g.=980 cm./sec.2.) How far does the body fall? 
How much work would be done in raising it to its original posi- 
tion? Ans. Momentum, 352,800 g. cm./sec.; kinetic energy, 


1.037 X 10° ergs; space passed over 17,640 cm.; potential energy — 


(mgh) 1.037 X 10° ergs. 

17. What power is delivered by a hoisting engine in pulling 
a mass of 200 kg., (1) Upward against gravity, 5 meters per 
second; (2) along a horizontal plane whose coefficient of friction 


with the block is 0.20 at the rate of 2 meters per second; (3) 


along a perfectly smooth (frictionless) horizontal plane at any 
velocity; (4) up an incline of 45° with the horizontal with a 
coefficient of friction of 0.1 at the rate of 1 meter (measured 
along the incline) per second? (The hoisting apparatus is to 
be considered frictionless.) Ans. (1) 980 watts. (2) 784 watts. 
(3) No work is done. (4) 15,240 watts. 

18. A bullet fired from a gun 1 cm. in internal diameter and 


75 cm. long has a muzzle velocity of 500 meters per second. — 


What uniform pressure in the barrel would cause this velocity 

if the bullet weighs 25 g.? Ans. 1.06110 dynes per sq. cm. 
19. The pitch of a jack screw is 1 cm; the power is applied 

at the end of a lever 24 cm. long. When force of 30,000 dynes 


is applied at the lever the lifting force is 1,200,000 dynes, what 
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portion of the force applied is used to overcome friction? What 
is the efficiency? Ans. 22,040 dynes; 34.1%. 

_ 20. It is required to find the density of a cylinder of alloy. 
A ballast load 1s placed on one pan of the balance, which requires 
292.560 g. to counterbalance. . The sample is added to the pan 
containing the weights and the amount to effect equilibrium is 
reduced to 88.480 g. When the sample is suspended below the 
pan in water (density 0.9977) the mass necessary in the pan is 
148.627 g. The density of the brass weights was 8.45, the 
density of air at the temperature and pressure of the experiment 
0.00115. Find the true density, making correction for buoyancy 
of the air. Ans. 3.383. 

‘ 21. The cross-section of the stem of an hydrometer has an 
area of 0.2 sq.cm. The total volume immersed when the in- 
strument floats in water at 4° C. is 6. cu.em. If in another 
liquid the hydrometer sinks until 8 cm. additional length of 
oa immersed, what is the specific gravity the liquid? Ans. 

22. The volume of the cylinder of an air pump cleared at each 

stroke of the piston is 2000 cc. If the volume of the vessel to 
be exhausted with connecting tubes.is 4000 cc., what pressure 
should be obtained by 10 strokes? Ans. 0.0173 the original 
pressure. 

23. Water at a temperature of 20.3° C. rises to a height of 
6.128 cm. in a tube whose radius is 0.0247. Compute the sur- 
face tension, taking g.=980. Ans. 74.15 dynes/cm. 

24. A glass tube closed at one end is 100 cm. long. A column 
of mercury 91 cm. long is poured into the tube and it is then 
inverted with the lower (open) end in a dish of mercury. The 
air now fills 40 cm. at thé top of the tube and a column of mer- 
-cury 58 cm. long is supported below. What is the barometric 
pressure? Ans. 74.84 cm. 
~ 25. A wire 100 cm. long and 0.3 mm. in radius is stretched 
2 mm. by the addition of a weight of 10 kilos. Compute the 
value of Young’s Modulus. Ans. 17.310! dynes/sq.cm. 

26. The thermal coefficient of linear expansion of brass is 
0.000018, A cylindrical bar is 100 cm. long at 20° C. and has 
a density of 8.450, what is the length and density at 0° C? 
Ans. Length 99.964 em., density 8.451 g./cm.?. 

27. A steel rod is measured with a brass scale at 15° C. The 
rod appears to be 200 cm. long. The scale is correct at 0° C. 
What is the true length of the rod at 0°? The coefficient of 
expansion for steel is .000011. Ans. 200.021 cm. 

28. If the volume of a portion of gas is 1000 ccm. under a 
pressure of 30.5 cm. of mercury and at a temperature 0° C., 
what will be the volume under a pressure of 29. 5 cm. and a 
temperature of 20° C.? Ans. 1109 c. cm. 

29. The mass of a copper calorimeter is 110 grams. It con- 
tains 400 grams of water at a temperature of 16°C. A solid 
mass of 60 grams at a temperature of 98° C. is placed in the 
water. The temperature reaches equilibrium at 21°C. Neg- 
lecting radiation, find the pene heat of the solid. Ans. 

: mi 443 cal./g. 
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30. Two hollow brass cones fit together and are arranged so that the outer 
cone can be rotated while the inner cone may be held stationary by the 
application of a force sufficient to overcome the friction between the cones. 
A horizontal pulley 30 cm. in diameter is attached to the inner cone and 
a cord wrapped around this pulley and passing over another pulley at 
the side supports a weight of 100 grams. The mass of the two cones 
is 400 g., and 25 cc. of water is placed in the inner cone. The outer cone 
is rotated rapidly enough to keep the weight suspended and makes 1500 
revolutions. What temperature change will occur in the cones, neglecting 
one (The mechanical equivalent of heat is 4.18 X10? ergs.) Ans. 

31. A source of sound whose frequency is 2000 per sec. is moving 
toward the observer at the rate of 7200 kilometers per hour. The tem- 
perature of the air is 20° C. What is the apparent pitch? Ans. 2116.4 
per sec. ; 

32. What are the relative potentials of two. insulated conducting 
spheres charged with equal quantities of electricity if their radii are 5 
and 10 cm. respectively? Ans. 2 tol 

33. What is the force acting between two concentrated positive charges 
of 6 and 8 units, separated by a distance of 4 cm. in air? Ans. 3 dynes. 

34. What is the resistance of 48,500 cm. of copper wire 1 millimeter 
in diameter at 0° C.? The specific resistance of copper is .0000017. 
Ans. 0.26 ohm. 

35. A-circuit is composed of 8 cells in two groups. The two groups 
are in parallel and each consists of 4 cells in series. The electromotive 
force of each cell is 1.4 volts and the internal resistance 0.1 ohm. The 
external circuit consists of a series of 5 coils, each having a resistance of 
200 ohms. If a galvanometer whose resistance is 1000 ohms is placed in 
parallel with one of the coils, what current will flow through the galvan- 
ometer? Ans. 0.0011 amp. 

36. A cell whose electromotive force is 1 volt and internal resistance 
5 ohms is connected in series with a resistance of 2000 ohms and a gal- 
vanometer whose resistance is 98 ohms. The galvanometer terminals 
are connected by a shunt having a resistance of 1 ohm and the scale is 
25 cm. from the mirror. The deflection, observed by a telescope, is 0.55 
cm. What is the figure of merit—that is, the current which would cause 
a seale deflection of 1 mm. if the scale were 1 meter from the mirror? Ans. 
0.000000229 amp. 

37. The horizontal intensity of the earth’s magnetism at a certain 
locality is 0.20 gauss and the dip is 70°; what is the value of the total 
intensity? Ans. 0.585 gauss. 

38. A standard candle and an electric incandescent of unknown inten- 
sity are 500 cm. apart. A photometer screen shows even illumination 
when placed 100 cm. from *he candle. The standard candle is found 
to have consumed spermaceti at the rate of 124 grains per hour during 
the test. If the intensity of the candle is 1 international candle when 
burning 120 grains per hour, what is the horizontal candle power of the 
unknown? Ans. 15.47 international candles. 

39. An object 43.6 cm. from a concave spherical mirror gives a sharp 
image 66.5 cm. from the mirror; find the principal focus and radius of 
curvature of the mirror. Ans. Focus 26.33 cm., radius of curvature, 
52.6 cm. 

40. Light divergent from a point source 20.5 cm. from a double concave 
lens has its divergence increased by the lens so that it appears to come 
from a point 113.9 cm. from the lens (on the same side as the source). 
The radius of curvature of both faces is 25.1 ecm., what is the principal focus 
and index of refraction of the lens? Ans. Principal focus —25.0 cm.; 
index of refraction 1.50. 

41. The angle of minimum deviation of a prism is observed and found to 
be 60° 2.5’. If the angle of the prism is 59° 54’, what is the index of 
refraction of the material of the prism? Ans, 1.734. 
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CHEMICAL RUBBER COMPANY 


RUBBER TUBING 


Rubber tubing suitable for 
chemical laboratory work 
must be of special compo- 
sition to withstand the hard 
usage and particular require- 
ments. : 

Serious difficulty and em- 
barrassment will result should 
it give out unexpectedly in 
the midst of an important 
experiment. 

The various grades of tubing 
herein listed are especially 
compounded to meet the 
demands of the Chemical 
Laboratory —a selection 
based upon the recommen- 
dation of Professors in charge 
of some of the largest high 
schools and colleges throughout the United States. 

Several years of successful use of these tubings in the largest and most 
important laboratories of the country has convinced us of their superiority 
for the work. 

The same high standard of quality will be maintained, as we realize 
the importance of supplying the trade with such goods as will prove 
satisfactory and add to our long list of patrons. 

The compounds of our various tubings are carefully made and contain 
no foreign substance which might cause rubber to deteriorate. 

The various materials are chosen with the object of supplying a product 
of low specific gravity. The compound is not adulterated in order to 
accomplish this, therefore we are able to give an unusual number of feet 
of tubing per pound. All grades of tubing are of the lowest specific gravity 
consistent with good quality of stock. 

Rubber tubing may be had in five different grades which are especially 
adapted to the various laboratory work. We also give a list showing 
the approximate number of feet per pound of tubing from which the cost 
per foot can be quickly computed for the various sizes and grades. 


No. 423 White Wrapped Tubing i 
No. 435 White Wrapped Pressure Tubing 
No. 462 Antimony Tubing 

No. 508 Antimony Tubing, hand made 
No. 572 Pure Gum Tubing, hand made 


Pita Approximate Number of Feet per Pound Tubing. 
Mat eMaiei a4 a ai ORE ae 
No. 572. No. 508. No. 462. No. 435. No. 423. 
SOSH SNe) RE Marr 150 110 EE 20 64 
SAR aes eS 65 53 39 15s 33 
ESS ce 48 36 25 10 22 
Brae nS oy irecaranteiols 32 25 19 8 17 
OR SRO aaa 22 16 14 6 13 
paca a Bele, Tae 17 13 9 5 8 


Pure Gum Tubing carried in stock in § and 2 in. All other sizes not 
listed, made to order. ah 


CHEMICAL RUBBER COMPANY 


RUBBER STOPPERS 


The compound used in our rubber Stoppers has 
received the same consideration and careful selection 
as our Rubber Tubing. The points considered were 
to obtain a compound of exceptional wearing quality, 
at the same time have a maximum flexibility which 
would be retained as long as the life of the stopper, 
the lasting qualities of the stock being of most 
importance. 

These stoppers are made in the sizes termed 
i i “The New Chemists’ Style.’”’ The taper is such 
as will make a most suitable and tight joint: 
Three styles of stoppers are carried in stock in all sizes mentioned with 
one-hole, two-hole and without holes. In addition three-hole stopper 
can be furnished when ordered in quantities which permit of special man- 
ufacture and can be had in two weeks from date of order. 

The holes are of different size, depending upon size of stopper, grad- 
uated from #;” in the No. 00 to a 3%”’ hole in the No. 13 stopper. This 
is essential on account of the larger tubing required where large stoppers 
are used, also on account of impracticability of a large hole in small stopper. 

The approximate number of stoppers per pound is shown on the list, 
from which the cost per dozen can be readily computed. You will note 
that all prices on rubber material are per pound. This we find most 
satisfactory, as it does not burden certain sizes with additional charge 
to overcome a lower quotation on other sizes. You can readily realize 
the impossibility of figuring the prices accurately and giving a just price 
on all the various sizes due to slight fluctuations in weight. 


No. 483 Chemists’ Stoppers 


Carried in stock in sizes Nos. 00 to 13. Solid, One Hole or Two Holes. 


| 


Approximate No. : E : 
Order by , Diameter Diameter 

No. ee aa at Top. at Bottom. Length. 
00 150 per lb. 47 in # in. 2 in 
0 80° ac ho ae 
1 65 aé 4 ee 1g é 1 i 
2 50 66 Hy 66 33 ; L * 
3 40 o a8 rs 33 6é 1 66 
4 33 is 1 Fy pe ee La 
5 26 17 ‘' oe bee es 
6 20 66 ii 66 1 66 att ee 
7 15 =f toro] aia el ete 
8 12 t 13 ss ley ‘' a eee 
9 10 13 ly ‘' ees 
10 orf eeé 138 ce 18 66 ls ee 
11 6 66 21 6é 133 é 1 ce 
12 54 24 : Pipers ly ‘* 
13 5 216 eS ete TEs 
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RUBBER APRONS 


No. 1290 


LOW priced equipment for 
which there is a big de- 
mand, owing to its lightness and 
serviceability. Used especially 
where experimental work is not 
continuous. 


No 1230 


MEDIUM grade material o° 

heavier weight, which will 
give excellent service; also used 
around automobiles or where 
greasy substances are used. 


No. 1260 


SED principally by medical 
students where cleanliness 
must be practiced, and also in 
laboratories where lady students 
perform their own experiments. 


INO L215 


UR best set made of the 
highest grade material for 
constant use in laboratories; also 
used extensively for other innumer- 
able purposes. Its lasting qualities 
make it especially adaptable where 
severe service and constant use pre- 
vails, affording protection against 
the most trying conditions. 


HE Apron is cut to fit the body, and will 

inno way hamper the movements of the 

student. The construction permits raising or 

lowering to fit any size person with comfort. 
The apron is 36 inches wide and 46 inches 


long. Extra lengths may be had at an 
increase of 10 per cent over the list price. 


CHEMICAL RUBBER CO. _ 
vii), eee = | SE SOHO 


RUBBER SLEEVES 


ep a 


The sleeves are cut long and very roomy. Made with © 
elastic ends, so they fit snug, at the same time can — 
be removed quickly. | j 

Sleeves are supplied in four grades of materials, to” 
match aprons described on opposite page. 


Prices on Rubber Materials j 
especially adapted for Laboratory Work 
furnished upon request 


CHEMICAL RUBBER CO. 
GLEVELAND, © =. So Ss eee eee 
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